Google 


This  is  a  digital  copy  of  a  book  lhal  w;ls  preserved  for  general  ions  on  library  shelves  before  il  was  carefully  scanned  by  Google  as  pari  of  a  project 

to  make  the  world's  books  discoverable  online. 

Il  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  thai  was  never  subject 

to  copy  right  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  dillicull  lo  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  lo  a  library  and  linally  lo  you. 

Usage  guidelines 

Google  is  proud  lo  partner  with  libraries  lo  digili/e  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  lo  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  panics,  including  placing  Icchnical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  n  on -commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  thai  you  use  these  files  for 
personal,  non -commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  lo  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  lile  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use.  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 

countries.  Whether  a  book  is  slill  in  copyright  varies  from  country  lo  country,  and  we  can'l  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  I  lie  lull  lexl  of  1 1  us  book  on  I  lie  web 
al|_-.:. :.-.-::  /  /  books  .  qooqle  .  com/| 


SullSlo.\-Jo 


Bound 

SEP  1  9  1905 


Ratbarb  College  librars 


SCIENCE  CENTER  LIBRARY 


] 


THE  TECHNOLOGY 
QUARTERLY 


AND  PROCEEDINGS  OF  THE 
SOCIETY  OF  ARTS 


VOLUME  XVII 


BOSTON 
MASSACHUSETTS  INSTITUTE   OF  TECHNOLOGY 

1904 


-1     %   -    "\ 


a/ 


The  Massachusetts  Institute  of  Technology  held  its  first 
meeting  on  April  8,  1862.  By  the  act  of  incorporation,  which 
was  accepted  at  this  meeting,  the  Society  of  Arts  was  created 
as  a  part  of  the  Institute  coordinate  with  the  School  of  Industrial 
Science. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an 
active  interest  in  the  sciences  and  their  practical  applications,  and 
to  aid  generally  in  their  advancement  in  connection  with  the  arts, 
agriculture,  manufactures,  and  commerce.  Regular  meetings  are 
held  semi-monthly  from  October  to  May. 

The  Society  discontinued  the  publication  of  the  Abstracts  of 
Proceedings  in  1891,  and  since  then  has  published  its  proceedings 
and  the  principal  papers  read  at  its  meetings  in  the  Technology 
Quarterly.  The  present  volume  contains  the  proceedings  from 
October,  1903,  to  May,  1904,  inclusive. 

The  Quarterly  contains,  also,  the  results  of  scientific  investi- 
gations carried  on  at  the  Institute,  and  other  papers  of  interest 
to  its  graduates  and  friends. 

Neither  the  Massachusetts  Institute  of  Technology  nor  the 
Society  of  Arts  assumes  any  responsibility  for  the  opinions  or 
statements  in  the  papers. 
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HE  MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY  aims  to  give 
thorough  instruction  in  Civil  Engineering,  including  a  Railroad  option; 
Mechanical  Engineering,  including  options  in  Locomotive  Construc- 
tion, Mill  and  Marine  Engineering,  and  Heating  and  Ventilation; 
Mining  Engineering  and  Metallurgy;  Chemical,  Electrical,  and  Sanitary  En- 
gineering; in  Chemistry;  Architecture,  with  Landscape  and  Architectural 
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To  be  admitted  to  the  Institute  the  applicant  must  have  attained  the  age  of  seventeen 
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pass  the  Institute  examinations. 
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prefer  to  do  so.  Special  students  are  admitted'  to  work  for  which  they  are  qualified ;  and 
advanced  degrees  of  Master  of  Science  and  of  Doctor  of  Philosophy  are  given  for  resident 
study  subsequent  to  graduation.  A  graduate  school  of  engineering  research  has  been 
recently  established. 
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FORTY-SECOND  YEAR,  igoj-igo^ 


Boston,  October  15,  1903. 

The  583d  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  6,  Lowell  Building,  on  Thursday  evening,  October  1 5,  at  eight 
o'clock,  Professor  Swain  in  the  chair.  Two  hundred  and  fifty  persons 
were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  J.  Edwin  Jones  was  elected  to  Associate  Membership 
in  the  Society. 

Mr.  John  P.  Fox  then  addressed  the  Society  on  "  American  Rapid 
Transit  in  the  Light  of  European  Experience.,,  The  lecture  was  fully 
illustrated  with  lantern  slides.  A  vote  of  thanks  was  tendered  the 
speaker,  and  the  meeting  adjourned. 


Boston,  October  29,  1903. 
The  584th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  October  29,  at  eight 
o'clock,  Mr.  Blodgett  in  the  chair.     Ninety  persons  were  present. 


..'' 
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After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Major  A.  W.  Lowe  was  elected  to  Associate  Membership  in 
the  Society. 

Captain  William  H.  Jaques  then  addressed  the  Society  on  "Solar 
Evaporations :   Their  Development  and  Use  in  Water  Engineering.1  * 

A  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 


Boston,  November  12,  1903. 

The  585th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  November  12,  at 
eight  o'clock,  Mr.  James  P.  Munroe  in  the  chair.  One  hundred  and 
fifteen  persons  were  present. 

After  the  reading  of  the  minutes  of  the  previous  meeting,  Mr. 
William  Lyman  Underwood  addressed  the  Society  on  "  Mosquitoes 
and  Suggestions  for  Their  Extermination." 

The  speaker  gave  a  clear  account  of  the  complete  life-history  of 
various  common  species  of  mosquitoes,  and  described  a  number 
of  methods  for  their  extermination  which  had  been  used  with  suc^ 
cess.  The  lecture  was  fully  illustrated  with  specimens  and  with 
lantern  slides  made  from  life. 

A  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 


Boston,  November  30,  1903. 

The  586th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  6,  Lowell  Building,  on  Wednesday  evening,  November  30,  at 
eight  o'clock,  President  Pritchett  in  the  chair.  Two  hundred  and  fifty 
persons  were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Professor  Simon  Newcomb  addressed  the  Society  on  "One 
Field  of  Twentieth  Century  Science." 

A  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 
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Boston,  December  10,  1903. 

The  587th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  December  10, 
President  Pritchett  in  the  chair.  Two  hundred  and  fifty  persons 
were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  Donald  M.  Belcher  was  elected  to  Associate  Member- 
ship in  the  Society. 

Dr.  Herbert  W.  Wiley  then  addressed  the  Society  on  "The  In- 
fluence of  Food  Preservatives  on  Digestion." 

A  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 


Boston,  December  31,  1903. 

The  588th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  December  31,  at 
eight  o'clock,  Professor  Lanza  in  the  chair.  Two  hundred  and  fifty 
persons  were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  Charles  P.  Moat  was  elected  to  Associate  Membership 
in  the  Society. 

Mr.  Charles  Garrison,  of  the  De  Laval  Steam  Turbine  Company, 
then  addressed  the  Society  on  "  Steam  Turbines."  A  number  of  speci- 
mens were  exhibited.  The  lecture  will  be  published  in  the  Technology 
Quarterly.1 

After  a  discussion  of  the  paper  by  members  of  the  Society  and 
others,  a  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 

James  F.  Norris,  Secretary, 


1  Below,  pp.  4-21. 
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THE  DE  LAVAL   STEAM  TURBINE. 

By  CHARLES  GARRISON,  S.B. 
(Read  December  31,  1908.) 

I  will  not  touch  upon  the  historical  side  of  the  turbine,  as  you 
will  find  this  amply  done  by  many  authors,  notably  in  a  paper  by 
Professor  Thurston,1  and  also  in  an  excellent  book  by  R.  W.  Neilson.2 
In  this  book  you  will  find  the  development  of  the  steam  turbine  from 
earliest  inventions  to  the  commercial  forms  of  De  Laval,  Parsons,  and 
Curtis.  Other  types  claiming  some  notice  abroad  are  given;  for 
•example,  the  Rateau  and  the  Seger. 

Today  three  types  of  steam  turbines  are  recognized.  The  first 
type  is  the  De  Laval  (Figure  i),  using  a  single  wheel  at  high  veloc- 
ity, expanding  the  steam  completely  in  the  nozzles  before  reaching  the 
wheel,  and  therefore  having  none  of  the  working  parts  under  pressure. 
The  second  type  is  the  Parsons,  which  has  a  large  number  of  wheels. 
Between  each  wheel,  opposite  the  buckets,  is  an  annular  ring  of  vanes 
to  deflect  the  steam  from  one  wheel  to  the  next.  The  steam,  therefore, 
passes  through  a  sinuous  path,  thereby  allowing  the  wheels,  which  are 
fixed  to  one  shaft,  to  rotate  at  a  much  lower  speed  than  the  first  type. 
The  Curtis  forms  the  third  type,  and  is  intermediate  between  these  two, 
having  first  a  set  of  expanding  nozzles,  then  a  small  series  of  wheels, 
then  a  second  set  of  nozzles  with  its  series  of  wheels.  The  Parsons 
turbine  is  manufactured  by  the  Westinghouse  Machine  Company,  and 
the  Curtis  turbine  by  the  General  Electric  Company. 

We  will  now  consider  the  principal  parts  of  the  De  Laval  steam 
turbine  (Figure  2).  The  first  to  be  noted  is  the  wheel  with  the 
buckets  fixed  in  its  periphery.  This  is  placed  on  the  shaft  which 
carries  a  double-cut  spiral  pinion  at  the  other  end.  This  long,  flexible 
shaft  is  a  very  essential  part  of  the  turbine.  The  bearings  for  the 
wheel  are  of  the  ball  and  socket  type,  so  that  the  shaft  may  have  some 


1  Transactions  of  the  American  Society  Mechanical  Engineers,  December,  1900. 

2  "  The  Steam  Turbine."     Longmans,  Green  &  Co.,  second  edition,  1903. 
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Fig.  i.— De  Laval  Straw  Turbine  Dynamo.    30  H.  P.,  20  K.  W.,  Direct  Current. 


Fig.  a. — Working  Parts  of  the  Dk  Laval  Steam  Turbine. 

A.  Turbine  shaft;  B.  Turbine  wheel;  C.  Pinion;  D.  Pinion  bearing,  two  parts; 
E.  Pinion  bearing,  two  parts;  F.  Wheel  bearing  with  spring;  G.  Flexible  bearing; 
//.  Gear-wheel;  /.  Gear-wheel  shaft;  /.  Gearwheel  bearing,  two  parts;  K.  Oil  ring; 
L.  Gear-wheel  bearing  in  position;  At.  Coupling;  N.  Centrifugal  governor;  0,  Gland 
adjusting  nut ;    P.  Adjusting  nut  for  flexible  bearing. 
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slight  movement.  With  wheels  moving  at  such  high  velocities  as  these, 
the  rates  being  from  10,000  to  30,000  revolutions  per  minute,  it  would 
be  nearly  impossible  to  secure  perfect  balance  so  that  the  centre  of 
gravity  would  coincide  with  the  centre  of  figure.  Therefore  the  shaft 
is  allowed  to  take  a  slight  flexture  in  order  that  the  wheel  and  shaft 
may  revolve  about  the  centre  of  gravity  of  these  combined  parts. 
That  is,  while  the  wheel  is  in  motion  the  flexture  is  permanent  and 
the  wheel  has  a  slight  eccentric  motion,  seldom  more  than  a  few  thou- 
sandths of  an  inch.  You  will  observe  that  the  shaft  does  not  bend 
back  and  forth  with  each  revolution.  These  high-speed  parts  are  made 
of  forged  nickel  steel,  which  has  great  tensile  strength. 

Second  in  importance  are  the  gears,  which  mesh  with  the  pinion  and 
reduce  the  speed  to  one-tenth  that  of  the  turbine  wheel.  These  are 
of  the  double-cut  spiral  type  for  smooth  and  quiet  running.  Turbines 
of  55  horse  power  and  smaller  have  but  one  gear,  and  those  that  are 
75  horse  power  and  over  have  two  gears,  so  that  the  pressure  on  the 
pinion  and  its  bearings  may  be  approximately  equal  from  each  side. 

The  third  principal  part  consists  of  the  set  of  nozzles  distributed 
around  the  wheel,  the  number  of  nozzles  depending  upon  the  size  of 
the  turbine  and  the  steam  conditions.  These  play  a  most  important 
part  in  the  operation  of  the  turbine,  and  we  will  now  take  up  their 
action  in  detail.  Their  relation  to  the  wheel  is  clearly  shown  in 
Figures  3  and  4,  as  is  also  the  hand  valve  by  which  each  nozzle  is 
controlled. 

All  turbines  operate  by  virtue  of  the  kinetic  energy  of  the  steam, 
and  in  this  respect  are  similar  in  action  to  water  wheels  of  the  Pelton 
type.  The  economy  of  the  turbine  surpasses  that  of  the  steam  engine 
in  three  points :  first,  the  entire  static  energy  of  the  steam  is  trans- 
ferred into  kinetic  energy;  second,  part  of  the  steam  under  adiabatic 
expansion  in  a  nozzle  is  condensed  and  gives  up  its  latent  heat  to 
increase  its  speed ;  and  third,  the  friction  of  the  turbine  is  nearly 
constant  for  all  loads. 

The  steam  enters  the  nozzles  at  the  initial  pressure  with  its  corre- 
sponding temperature  (or  higher  if  superheat  be  used)  and  at  a  very 
small  velocity.  By  the  time  the  steam  has  reached  the  larger  end  of 
the  nozzle  it  has  acquired  an  enormous  velocity,  due  to  its  adiabatic 
expansion,  while  the  pressure  and  temperature  have  fallen  to  very 
nearly  that  of  the  atmosphere  or  condenser  (if  running  condensing). 
Its  elastic  properties  are  now  of   no  further  use,  and  to  all  intents 
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Fig.  3.— The  De  Laval  Nozzle. 

D.  Steam  chamber;    E.  Valve  stem;    //  Valve;     B.  Point  of  discharge ;  F.   Buckets. 

and  purposes  it  is  merely  a  mass  of  rapidly  moving  particles.  These 
particles  enter  the  turbine  buckets  and  give  up  their  kinetic  energy 
to  rotate  the  wheel.  Thus  in  less  than  a  ten  thousandth  of  a  second 
the  steam  gains  a  tremendous  velocity  and  loses  it  again. 

You  will  note  that  the  expansion  is  adiabatic,  since  every  element  of 
the  nozzle  assumes  a  temperature  that  is  constant  and  is  equal  to  that 
of  the  passing  steam ;  likewise  the  volume  of  steam  entering  at  maxi- 
mum pressure  gradually  expands  to  its  minimum  pressure  at  the  outlet, 
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this  being  the  same  as  that  of  the  surrounding  medium.  No  loss  in 
conversion  has,  therefore,  occurred,  all  the  energy  being  given  to  accel- 
erate the  particle  of  steam.  The  steam  at  the  point  of  discharge  issues 
in  a  solid  jet  without  the  tendency  of  its  particles  to  diverge  in  any 
direction. 

I  now  wish  especially  to  dwell  on  the  design  of  the  nozzle  and  the 
action  of  the  steam  under  differing  conditions  in  the  same  nozzle,  as 
this  brings  up  an  interesting  and  important  question.  With  a  certain 
initial  and  final  pressure,  in  order  to  get  the  maximum  velocity  of  the 
steam  at  the  periphery  of  the  wheel,  the  divergence  of  the  nozzle  must 
be  definitely  and  accurately  determined.  We  will  take  a  case  where 
the  initial  pressure  is  150  pounds  (by  gauge)  and  a  vacuum  of  26  inches 
of  mercury,  represented  by  about  1.9  pounds  pressure  absolute.  Under 
these  conditions  the  speed  of  the  steam  will  be  3,800  feet  per  second. 
Now,  suppose  we  vary  the  terminal  pressure  to  20  inches  vacuum  or 
about  4.9  pounds  pressure  absolute,  using  the  same  nozzle.  You  will 
at  once  see  that  the  point  where  4.9  pounds  pressure  occurs  is  well 
within  the  nozzle,  and  that  full  expansion  has  been  completed  at  that 
point.  The  steam  then  has  to  travel  a  certain  distance  along  a  diverg- 
ing path,  and  therefore  its  speed  is  diminished  appreciably  by  the  time 
it  reaches  the  periphery  of  the  wheel ;  and,  as  the  energy  delivered  to 
the  wheel  is  proportionate  to  the  square  of  the  velocity  of  the  steam, 
the  power  drops  off  very  rapidly. 

Suppose  we  change  our  initial  pressure  from  150  to  100  pounds 
(by  gauge),  leaving  the  final  pressure  26  inches,  or  1.9  pounds  abso- 
lute, as  in  the  first  case,  while  using  the  same  nozzle,  what  will  be  the 
effect  in  cutting  down  the  power?  It  will  be  very  small,  and  could 
be  compensated  for  by  opening  an  additional  nozzle  so  as  to  give  a 
greater  steam  admission  area. 

The  reason  why  the  terminal  pressure  makes  such  a  vast  difference 
and  the  initial  pressure  such  a  small  difference  is  clearly  shown  if  we 
represent  the  volumes  dealt  with  under  the  differing  conditions.  At 
150  pounds  gauge  pressure  the  volume  of  the  steam  is  2.75,  and  at 
1.9  pounds  pressure  absolute,  or  26  inches,  the  volume  is  190,  so  that 
the  admission  area  of  the  nozzle  must  allow  2.75  volumes  to  pass  at 
a  very  low  speed,  while  at  the  discharge  end  190  volumes  must  pass 
at  a  very  high  rate  of  speed. 

Now  if  the  vacuum  be  but  20  inches,  or  4.9  pounds  absolute,  the 
corresponding  volume  is  75,  so  that  the  point  where  this  volume  passea 
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is  well  up  in  the  nozzle,  and  there  is  a  constant  loss  of  speed  the  rest 
of  its  journey,  its  elastic  property  having  ceased  at  that  point. 

With  the  lower  steam  pressure  (ioo  pounds  gauge)  and  the  same 
vacuum  (26  inches),  the  volume  at  admission  is  changed  from  2.75  to 
3.86,  while  the  volume  on  discharge  is  still  190,  so  that  the  difference 
in  initial  volume  is  but  a  small  part  of  the  total  volume  on  emission. 

To  show  the  actual  loss  of  power  due  to  the  changed  conditions : 

I 


Fig.  5— Die  Laval  Governor  and  Vacuum  Valvk. 

the  velocity  under  the  first  case  where  the  nozzle  was  suited  to  the 
conditions  equals  3,800  feet  per  second.  The  velocity  under  the  second 
case,  with  20  inches  vacuum,  equals  about  2,800  feet  per  second,  so  that 

the  power  delivered  to  the  wheel  fell  as  - s,  or  nearly  one-half,  while 

^  3,8oo!'  y 

with  the  change  of  steam  pressure  from  150  to  100  pounds  (gauge)  the 

loss  in  power  is  8  per  cent.,  due  to  the  admission  area  being  too  small 

for  sufficient  steam  to  pass  through  the  nozzle  at  this  lower  pressure. 

The  turbines  are  designed  so  that  the  combined  nozzle  area  will  allow 
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a  io  per  cent,  continuous  Qverload,  and  this  also  will  care  for  25  per 
cent,  momentary  overloads  without  decreasing  the  speed  of  the  wheel 
more  than  a  slight  amount. 

The  fourth  part  is  the  governor  (Figures  5  and  6),  which  is  very 
cleverly  and  simply  made ;  it  is  of  the  throttling  type.     This  govern- 
ing device  is  placed  on  the  end  of  the  gear  shaft,  and  a  throw  of  the 
plunger  of  .14  of  an  inch  shuts  off  the  steam  completely.     When  run 
condensing,  an  additional  attachment  is  used  whereby  if  the  governor 
fails  to  act  for  any  reason   the  plunger  pushes  a  valve  inward   and 
admits  air  to  the  vacuum  chamber  in  which  the  wheel  revolves.     This 
immediately  puts   an  air  brake  on  the 
wheel  and   prevents  an   acceleration  of 
speed,  although  the  throttle  valve  be 
wide  open.     This  little  safety  device  is 
of  great   importance,  and    its   value   is 
well  shown  by  the  following  illustration. 
Suppose   through    any   cause   the 
speed  tends  to  become  excessive,  air  is 
admitted   to   the    wheel    chamber,    and 
the  vacuum  reduced  from  say  26  inches 
to  10  inches,  or  lower,  immediately  the 
velocity  of  the  steam  is  greatly  dimin- 
ished, as   was    shown  when   comparing 
the  same  nozzle  with  different  terminal 
pressures.     By  this  device  the  speed  of 
the  wheel  will  be  cut   down   below  its 
normal,  even  though  there  is  no  load 
Fig.  6.— Governor  Valve.  0n  the  turbine  and  the  throttle  is  wide 

open. 
To  show  this  action  more  clearly  I  started  a  1 50-horse  power  turbine 
■witTi  all  nozzles  open,  the  nozzles  being  designed  for  1 50  pounds  gauge 
pressure  and  26  inches  vacuum ;  the  condenser  was  shut  down  and  the 
turbine  exhausted  against  the  atmosphere,  and  with  these  conditions 
the  turbine  would  not  come  up  to  full  speed  with  no  load. 

Now  it  can  be  shown  readily  that  the  maximum  efficiency  of  the 
turbine  is  obtained  when  the  peripheral  velocity  is  about  one-half 
the  speed  of  the  steam,  and  it  is  this  condition  we  wish  to  approach ; 
but  we  do  not  reach  it,  however,  on  account  of  the  great  centrifugal 
forces  set  up  by  such  high  velocities.     To  illustrate  vividly  the  stress 
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upon  the  wheel :  should  a  cubic  inch  of  iron  (weighing  about  \  pound) 
be  placed  on  the  periphery  of  certain  De  Laval  turbine  wheels  running 
at  their  normal  speeds,  it  would  require  the  pull  of  a  strong  locomotive 
to  hold  it  in  place.1 

An  average  speed  for  the  steam  may  be  taken  as  4,000  feet  per 
second,  and  if  the  maximum  efficiency  occurs  when  the  peripheral 
velocity  is  47  per  cent,  of  the  steam  velocity,  this  would  give  a 
peripheral  speed  of  1,880  feet  per  second;  but  as  the  highest  speed 
we  now  use  is  about  1,350  feet  per  second,  this  would  make  the 
efficiency  about  94  per  cent,  of  the  theoretical  value. 

Another  source  of  loss  is  caused  by  being  obliged  to  deliver  the 
steam  upon  the  wheel  at  an  angle  of  20  degrees.  This  loss  amounts 
to  about  6  per  cent.,  leaving  a  net  efficiency  of  88  per  cent.  Some 
slight  loss  occurs,  due  to  the  gears  and  bearings,  but  probably  the 
greatest  of  all  is  from  fluid  and  air  friction.  This  has  not  yet  been 
■even  approximately  determined,  so  far  as  I  know ;  it  is  simply  estimated 
as  a  residual  loss. 

The  advantages  presented  by  the  turbine  over  the  reciprocating 
-engine  are  many,  and  the  principal  ones  are  as  follows : 

1.  Advantages  in  construction. 

2.  Advantages  in  economy. 

The  first  point  of  advantage  in  construction  is  its  simplicity  and 
the  small  number  of  working  parts  —  always  a  desideratum  —  there 
being  but  the  wheel  with  its  one  or  two  gears  (as  the  case  may  be) 
in  motion.  The  high  speed  allows  bearings  of  small  diameters,  such 
as  £  inch  for  the  150  horse  power  and  \\  inches  for  the  300  horse 
power.  It  is  but  the  labor  of  a  short  time  to  take  the  working  parts 
out,  and  the  replacement  of  any  bearing  can  be  done  in  ten  minutes 
without  raising  a  single  working  part.  There  are  no  bearings  to  adjust 
or  parts  to  be  taken  up  on  account  of  wear  (Figure  7). 

The  second  point  is  the  close  speed  regulation.  This  is  due  to  the 
simple  governing  mechanism,  rendered  sensitive  by  the  high  speed  at 
which  the  geared  shaft  revolves,  and  also  to  the  constant  angular 
velocity,  which  the  steam  engine  nowise  approaches  when  dealing  with 
variable  loads.  The  evenness  of  rotation  is  of  much  value  where 
alternating  current  machines  are  run  in  parallel. 

For  the  regulation  at  different  loads  a  test  made  by  Dean  and  Main 


1  This  illustration  is  taken  from  a  paper  by  R.  M.  Neilson. 
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shows  a  maximum  speed  variation  of  ^  of  i  per  cent.  For  sudden 
heavy  overloads  the  momentary  variation  is,  of  course,  somewhat 
greater. 
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The  third  point  is  the  perfect  balance  and  absence  of  vibration. 
This  is  due  to  the  flexible  shaft,  allowing  the  wheel  to  rotate  about 
its  centre  of  gravity,  so  that  no  vibration  is  transmitted  by  the  sur- 
rounding floors  or  piping.  Compare  this  with  the  reciprocating  engine, 
which  transmits  its  thrust  to  the  building,  or  its  vibration  the  entire 
height  of  the  structure,  owing  to  its  intermittent  exhaust. 

The  fourth  point  is  that  no  moving  parts  are  under  pressure,  which 
simplifies  the  wheel  and  bearings  and  allows  light  construction.  Also, 
since  the  steam  is  completely  expanded  before  reaching  the  wheel,  the 
turbine  is  not  limited  to  any  initial  steam  pressure,  but  can  work  as 
readily  at  1,000  pounds  pressure  as  at  100  pounds.  The  gain  by  the 
use  of  high  pressures  is  well  shown  by  the  curves  (Figures  8  and  9), 
which  are  taken  from  actual  tests. 

The  fifth  point  is  the  small  space  occupied.  This  is  clearly  an 
advantage  in  city  installations  or  on  board  ship,  where  floor  space  is 
valuable,  and  it  allows  several  units  to  be  arranged  to  great  advantage 
and  cared  for  with  greater  ease. 

The  sixth  point  is  the  smallness  of  the  foundations  necessary  and 
the  ease  of  erection.  Since  there  is  no  thrust  no  other  foundation  is 
necessary  than  that  which  will  hold  the  dead  weight  rigidly,  and  this 
often  makes  a  great  saving  in  expense.  The  units,  being  comparatively 
light  and  small,  are  shipped  completely  assembled,  and  can  be  moved 
into  place  quickly  and  connected  to  the  piping  with  great  facility. 

The  seventh  point  is  the  automatic  oiling  and  the  small  amount  of 
oil  necessary.  The  reduced  speed  bearings  are  all  of  the  ring  oil  type, 
while  a  reservoir  on  the  turbine  gear  case,  or  upon  the  wall,  feeds  the 
high  speed  bearings  (four  in  number)  and  supplies  the  drips  upon  the 
gear  wheels.  The  gear-wheel  compartments  are  large,  and  the  oil  after 
being  used  falls  to  this  point,  where  it  is  drawn  off,  filtered,  and  used 
over  and  over  again.  The  net  amount  used  is,  therefore,  small.  The 
lubricant  should  be  a  pure  mineral  oil,  like  that  used  for  spindles  and 
similar  work,  and  the  best  grade  is  worth  about  twenty  cents  per  gallon. 
This  same  oil  is  used  throughout  all  the  bearings.  An  important 
feature  in  connection  with  the  oil  is  that  the  steam  is  not  in  contact 
with  it,  and  the  exhaust  can  be  returned  to  the  boilers  without  being 
purified.1 

The  eighth  point  is  freedom  of  danger  from  water.     Water  in  the 


1 A  few  cases  have  been  noticed  where  traces  of  oil  were  carried  over  when  the  turbine 
'was  under  high  vacuum. 
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Fig.  8. — Energy  op  a  Jet  of  Steam  at  Various  Initial  and  Terminal  Pressures. 

steam  does  not  endanger  the  turbine  in  any  way;  it  merely  slows  down 
the  wheel  and  decreases  the  efficiency.  A  good  case  in  point  is  that 
of  a  30-horse  power  turbine  generator  which  I  recently  installed  near 
New  York  City.  The  boiler  tender  left  the  pump  running  until  the 
boiler  was  full  of  water  and  the  turbine  was  working  like  a  Pelton 
water  wheel.  No  damage  was  done,  however,  the  turbine  merely  slow- 
ing down,  and  as  soon  as  the  steam  was  free  from  water  the  turbine 
resumed  its  normal  jovial  pace.  It  is  unnecessary  to  ask  how  long  a 
piston  engine  would  have  lasted  under  the  same  treatment. 


Fig.  9. — Actual  Steak  Consumption  Pr.  B.  H.  P.  Ue  Laval  Steam  Turbine 
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The  last  item  under  this  head  is  the  life  of  this  high  speed  machine. 
Can  it  keep  up  the  pace  for  the  long  period  expected  of  a  prime  mover  ? 
It  has  had  a  test  of  ten  years'  active  service,  and  has  clearly  shown 
that  it  has  lasting  powers.  The  reason  for  this  is  that  while  the  veloc- 
ities are  very  high  the  pressures  are  very  light.  Take  the  gears,  for 
instance,  that  have  from  twenty  to  sixty  teeth  in  mesh,  and  you  will 
find  the  pressure  per  tooth  to  be  from  15  to  50  pounds. 

The  second  head,  that  of  economy  of  operation,  covers  some  four 
points,  the  first  being  high  efficiency  with  variable  and  light  loads 
{Figure  10).     This  is  undoubtedly  due  to  the  fact  that  the  total  fric- 


Fto.  10. — Comparison  of  Efficiency  at  Various  Loads. 

tion  is  constant  throughout  the  whole  working  range  of  the  turbine, 
and  this  is  very  clearly  shown  in  the  test  made  by  Dean  and  Main 
with  saturated  steam. 

At  86  per  cent,  load  the  increased  steam  consumption  was  2.6  per 
cent,  over  full  load. 

At  59  per  cent,  load  the  increased  steam  consumption  was  9.0  per 
cent,  over  full  load. 

At  36  per  cent,  load  the  increased  steam  consumption  was  8.1  per 
cent,  over  full  load. 

This  economical  operation  is  especially  adapted  to  electrical  work 
where  the  units  are  often  run  for  long  periods  on  light  loads. 
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In  the  second  place  there  is  no  leakage  due  to  wear.  With  the 
reciprocating  engine  the  sources  of  steam  leakage  are  many,  and  if 
not  carefully  closed  lead  to  considerable  loss  in  efficiency.  With  the 
De  Laval  turbine  there  are  no  parts  subject  to  wear  which  will  increase 
the  steam  consumption,  since  none  of  the  working  parts  are  under  pres- 
sure, and  the  steam  being  fully  expanded  there  is  no  tendency  to  divert 
the  course  of  the  stream  of  particles  from  its  straight  path.  There  is 
a  definite  clearance  between  the  nozzles  and  the  buckets  of  the  wheel 
of  about  \  inch,  and  this,  of  course,  remains  constant.  This  turbine 
has  no  packing  nor  stuffing  boxes,  so  that  these  sources  of  loss,  which 
occur  in  other  types  of  engines,  are  here  eliminated. 

In  the  third  place  there  is  small  friction  loss,  that  is,  the  friction 
of  the  bearings  is  very  slight,  owing  to  the  light  weight  of  the  moving 
parts  and  to  the  small  diameters  of  the  bearing  parts.  While  a  i  so- 
horse  power  turbine  wheel  rotates  at  12,000  revolutions  per  minute, 
the  shaft  bearing  is  but  \  inch  in  diameter,  and  the  300-horse  power 
wheel  has  a  speed  of  10,000  revolutions  per  minute,  and  has  a  i^-inch 
shaft,  as  already  shown. 

Fourth,  we  have  ease  of  attendance.  The  point  of  importance  in 
the  care  of  the  turbine  is  to  see  that  the  oil  system  is  feeding  freely, 
for  the  babbit  bearings  would  soon  melt  should  they  run  dry.  With 
the  compound  engine  there  is  a  multiplicity  of  parts  which  need  care 
and  a  great  number  of  oil  cups  to  keep  filled.  Many  turbines  can 
easily  be  cared  for  by  one  man  where  many  men  would  be  needed 
were  piston  engines  used.  It  is  important,  however,  that  a  good, 
reliable  man  be  placed  in  charge,  since  any  fine  machinery  needs  the 
most  intelligent  care. 

There  now  remain  three  points  to  be  considered,  viz.,  the  use  of 
superheat,  back  pressure,  and  high  vacuum. 

Superheat.  —  The  use  of  superheat  is  of  great  advantage  to  both 
engine  and  turbine,  but  the  reason  is  not  altogether  the  same.  In 
the  engine  the  gain  is  in  freeing  the  steam  from  the  initial  condensa- 
tion which  comes  at  admission,  where  it  comes  in  contact  with  the  cold 
surfaces  which  have  been  reduced  to  the  temperature  of  the  exhaust 
steam.  In  the  turbine  there  is  no  equivalent  to  this  form  of  loss,  but 
one  of  nearly  equal  magnitude  seems  to  be  the  friction  of  the  fluid  on 
the  buckets,  and  also  that  due  to  the  resisting  medium  in  which  the 
wheel  revolves.  Superheated  steam  seems  to  reduce  the  fluid  frictional 
loss  to  a  considerable  degree  by  allowing  fewer  particles  of  water  to 
come  in  contact  with  the  revolving  parts. 
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Under  adiabatic  expansion  in  a  diverging  nozzle,  the  steam,  while 
starting  on  its  journey  in  a  saturated  condition,  condenses  as  expansion 
proceeds,  so  that  under  such  conditions,  as,  for  example,  150  pounds 
boiler  pressure  and  28  inches  of  vacuum,  23  per  cent,  of  the  steam 
is  emitted  in  the  form  of  water.  This  part  of  the  steam  has,  there- 
fore, given  up  its  inner  latent  heat  in  useful  work,  that  of  increasing 
the  velocity  of  the  particle,  and  it  is  by  using  these  heat  units  to 
advantage  that  the  turbine  starts  with  a  higher  thermal  efficiency 
than  the  steam  engine. 

Mr.  Parsons  considers  that  in  his  turbine  13 1°  F.  of  superheat 
reduces  the  steam  consumption  about  12  per  cent.  In  estimating  the 
saving  expected  by  the  use  of  superheat  with  the  De  Laval  turbines, 
we  allow  fc  per  cent,  for  ioo°  F.  and  13  per  cent,  for  2000  F.  It  is 
probable  that  the  increase  in  economy  is  largely  due  to  the  reduction 
of  friction,  as  the  percentage  is  greater  than  would  be  due  to  thermo- 
dynamic causes. 

A  very  high  degree  of  superheat  can  be  used  by  the  turbine,  as  no 
working  parts  are  affected ;  while  in  the  engine  the  problem  due  to  the 
need  of  lubrication  and  to  the  expansion  of  the  cylinder  and  piston  is 
a  serious  one. 

It  would  be  interesting  to  find  at  just  what  degree  of  superheat 
the  highest  commercial  economy  occurs,  but  we  can  place  the  upper 
theoretical  limit  not  far  from  1,470°  F.,  as  with  steam  of  150  pounds 
pressure  this  means  a  temperature  of  over  i,8oo°  F.,  which  is  near 
the  point  of  dissociation  of  the  steam. 

Superheat  of  about  6oo°  F.,1  with  150  pounds  gauge  pressure  and 
a  28-inch  vacuum,  would  give  saturated  steam  at  the  buckets  of  the 
wheel,  so  that  while  we  gained  by  diminution  of  fluid  friction,  we  would 
lose  from  lack  of  condensation  and  from  not  freeing  the  latent  heat 
units. 

Back  Pressure.  —  The  action  of  back  pressure  on  the  engine  and 
turbine  is  similar,  in  the  one  case  reducing  the  mean  effective  pressure 
by  the  amount  of  the  back  pressure,  and  in  the  other  by  making  a 
denser  medium  in  which  the  turbine  wheel  revolves.  There  is  no 
mechanical  difficulty  in  either  case,  and  the  exhaust  steam  can  be 
used  for  heating  purposes. 


1  Based  on  the  supposition  that  the  specific  heat  of  superheated  steam  under  these 
conditions  would  be  .80°.  It  is  now  known  that  this  is  not  a  constant  (usually  given  as 
,48°),  but  rises  with  pressure  and  temperature. 
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High  Vacuum.  —  As  back  pressure  causes  a  denser  medium  for 
the  turbine  wheel  to  revolve  in,  so  a  high  vacuum  reduces  this  fric- 
tional  element  to  a  minimum,  and  the  gain  that  this  makes  is  shown 
in  the  following  examples. 

With  a  300-horse  power  wheel  operating  with  150  pounds  gauge 
pressure,  the  gain  from  a  vacuum  of  22  inches  to  one  of  28  inches  is 
about  6  per  cent,  per  inch,  the  percentages  being  figured  from  the  next 
lower  vacuum.  A  good  vacuum,  therefore,  is  much  needed  where  high 
economy  is  desired ;  but  the  condenser  problem  is  one  that  needs  special 
consideration,  as  it  takes  large  cooling  surfaces  and  a  great  volume  of 
water  to  produce  the  usual  vacuum  of  28  inches  of  mercury. 

A  De  Laval  300-horse  power  turbine  is  now  in  operation  in  Dakota,, 
with  a  vacuum  equivalent  to  29  inches,  using  an  Alberger  condenser, 
and  the  steam  is  delivered  with  22 5 °  of  superheat. 

We  now  come  to  the  different  uses  to  which  the  De  Laval  steam 
turbine  is  put.  Its  high  speed  allows  of  its  efficient  use  in  several 
fields  where  the  reciprocating  engine  cannot  compete.  Perhaps  the 
best  known  use  is  with  the  De  Laval  cream  separator.  The  turbine 
wheels  used  with  these  simply  have  the  edges  upon  which  the  steam 
strikes  notched,  the  number  of  revolutions  being  from  6,000  to  io,ooo- 
per  minute. 

Of  the  types  for  power  purposes  may  be  mentioned :  first,  the 
turbine  motor  carrying  a  pulley  (or  pulleys)  for  belted  work.  Second, 
the  direct  connected  generating  sets,  with  either  direct  or  alternating 
dynamos.  Sizes  50  kilowatts  and  above  have  double  armatures  (Fig- 
ure 11),  thereby  giving  the  two  voltages  necessary  to  a  three-wire 
system.  This  is  the  most  popular  use  to  which  the  turbine  is  put  at 
present.  The  smallest  size,  1  kilowatt,  is  made  for  locomotive  head- 
lights,  the  set  being  placed  in  the  cab  and  taking  a  space  20  inches 
long,  10  inches  wide,  and  10  inches  high.  This  gives  current  to  an 
enclosed  arc  lamp.  The  diameter  of  this  turbine  wheel  is  less  than 
3  inches,  and  revolves  39,000  turns  per  minute. 

The  De  Laval  turbine  is  now  applied  to  train  lighting  with  most 
satisfactory  results.  The  Pullman*  Company  have  a  20-kilowatt  for 
lighting  one  of  their  trains  between  Chicago  and  New  York.  The 
plant  is  placed  in  the  forward  part  of  the  baggage  car,  and  takes  its 
steam  from  the  locomotive.  As  there  are  three  shifts  of  engines,  each 
furnishing  a  different  pressure,  the  turbine  is  equipped  with  three  sets 
of  nozzles,  so  that  all  that  is  necessary  to  do  to  meet  the  new  conditions 
is  to  turn  off  two  hand  wheels  and  turn  on  two  others. 
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In  Germany  the  same  size  machine  is  mounted  on  top  of  the  boiler 
in  front  of  the  cab,  a  suitable  sheet-iron  cover  is  placed  over  the  entire 
unit,  and  a  small  switch  board  in  the  cab  controls  the  lighting  system. 

This  turbine  has  not  yet  been  used  for  marine  propulsion,  but  has 
been  adopted  by  many  of  the  foreign  navies  and  some  of  the  trans- 
Atlantic  liners  for  the  lighting  of  the  vessels.  The  small  space  and 
comparative  lightness  of  the  units  allow  of  their  being  placed  upon  a 
shelf  at  the  side  of  the  engine  room. 

Another  use  is  with  fan  blowers,  to  which  the  turbine  is  directly 
connected.     These  are  suitable  for  gas  works  and  blast  furnaces. 

One  of  the  most  interesting  applications  is  in  connection  with  the 
De  Laval  centrifugal  pumps.  The  high  available  speeds  at  which  these 
can  be  driven  open  a  new  field  in  centrifugal  work.  The  pumps  are 
made  in  standard  sizes  for  heads  up  to  500  feet,  and  can  be  made  for 
higher  lifts  if  need  be. 

For  low  pressure  work,  with  heads  250  feet  and  under,  a  simple 
pump  is  used,  or  a  double  pump  operated  either  in  parallel  or  series, 
as  the  case  demands.  These  pumps  are  extremely  simple,  having  a 
composition  runner  with  properly  designed  inlet  and  outlet  orifices. 
The  bearings  are  of  the  ring  oil  type,  and  are  separate  from  the  stuff- 
ing boxes.  A  pair  of  these  low  pressure  pumps  is  being  installed  at 
the  filtration  plant  #of  Providence.  These  are  50  horse  power  each, 
and  will  deliver  20,000,000  gallons  per  day  at  a  7-foot  head.  They 
are  directly  connected  to  motors  which  receive  their  current  from  a 
turbine  generating  set  at  the  pumping  station. 

The  high  pressure  pump,  however,  is  the  greatest  novelty.  This 
consists  of  two  separate  pumps.  Here  the  geared  shaft  running  at 
1,200  revolutions  per  minute,  with  a  pump  runner  about  12  inches  in 
diameter,  lifts  the  water  to  the  second  pump,  which  carries  a  runner 
about  4  inches  in  diameter;  this  revolves  at  12,000  revolutions  per 
minute,  being  directly  fixed  upon  the  turbine  wheel  shaft.  This  size, 
100  horse  power,  will  pump  530  gallons  per  minute  against  a  pressure 
of  2 1  s  pounds.  There  is  a  T  connection  between  the  pumps,  with  one 
side  blanked  off.  From  this  point  water  can  be  taken  to  a  condenser, 
the  water  so  used  being  returned  again  below  the  inlet  of  the  low  pres- 
sure pump.  This  makes  an  ideal  unit  for  water  works,  since  the  cost 
of  maintenance  is  extremely  small,  and  the  first  cost  very  little  com- 
pared with  high  duty  pumps.  Of  course  centrifugal  pumps  are  limited 
to  about  80  per  cent  efficiency,  yet  this  generally  figures  a  large  saving 


The  De  Laval  Steam  Turbine.  2  r 

when  compared  to  the  initial  cost  and  maintenance  of  the  high  duty 
type. 

The  De  Laval  steam  turbine  may  be  seen  in  operation  at  the  New 
England  Structural  Company's  works  in  East  Everett,  where  there  are 
two  iookilowatt  units,  250  volts  on  each  armature,  running  at  a 
speed  of  1,200  revolutions  per  minute.  The  two  generators  of  each 
turbine  are  in  series,  and  a  three-wire  250-500  volt  system  is  used. 
Here  the  lights  are  on  the  lower  potential  and  the  motors  on  the 
higher.  There  being  several  cranes  electrically  operated,  the  load  is 
subject  to  sudden  fluctuations,  which  are  easily  taken  care  of  by  the 
throttling  governor.  Stirling  boilers  for  150  pounds  gauge  pressure 
deliver  practically  dry  steam  to  the  turbines.  A  jet  condenser  gives 
a  vacuum  of  about  27  inches,  while  two  heaters  are  used,  one  supplied 
by  the  exhaust  steam  of  the  turbines,  and  the  other  by  that  of  the 
auxiliaries.  Six  inches  of  concrete  set  upon  the  floor  comprise  the 
foundations,  while  the  units  rest  upon  these  without  being  bolted  down. 
On  the  wall  a  large  oil  tank  feeds  the  oil  to  the  turbine  bearings.  It 
is  a  plant  well  worth  seeing,  and  is  but  a  short  distance  from  Boston, 
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THE  APPLICATIONS  OF  ELECTRICITY  TO 

METALLURGY. 

By  JOSEPH  W.  RICHARDS,  A.C.,  Ph.D. 
(Read  January  15,  1904.) 

Metallurgy  is  the  art  of  extracting  metals  from  their  ores ;  of 
refining  them  to  the  purity  required  by  the  metal  industries ;  and 
of  melting,  alloying,  casting,  and  working  them  into  the  forms  needed 
by  the  manufacturer  of  metallic  articles. 

The  metallurgist  takes  the  ore  from  the  miner ;  this  is  his  raw 
material,  and  he  furnishes  the  metal  to  the  various  industries  in  the 
form  of  ingots,  slabs,  rods,  bars,  or  castings.  The  workman  who  by 
cunning  craft  transforms  these  crude  forms  into  articles  of  use  or 
beauty  is  a  metal  worker,  but  not  a  metallurgist  in  the  sense  in  which 
I  am  using  the  term. 

The  operations  of  metallurgy  are  mechanical  and  chemical.  A  few 
of  the  metals  occur  in  the  bosom  of  mother  earth  in  the  native,  metallic 
condition.  Such  are  particularly  gold,  silver,  platinum,  copper,  arsenic, 
antimony,  and  bismuth.  The  treatment  of  these  ores  is  not  necessarily 
chemical.  The  metal  may  in  any  of  these  cases  be  extracted  from 
the  mass  of  ore  by  crushing  and  mechanical  concentration,  or  by  melt- 
ing  out,  or  by  vaporization.  Such  are  purely  physical  or  mechanical 
processes. 

The  other  metals,  and  indeed  all  of  the  above  also,  except  gold, 
platinum,  and  bismuth,  occur  in  largest  quantity  in  nature  as  chemical 
compounds,  which  are  broadly  divisible  into  two  classes :  sulphur  com- 
pounds and  oxygen  compounds.  The  extraction  of  the  useful  metal 
from  these  compounds  is  essentially  a  chemical  problem,  using  mechan- 
ical processes  such  as  concentration  or  grinding,  or  physical  processes 
such  as  melting  and  vaporizing,  as  accessories.  The  question  confront- 
ing the  metallurgist  in  these  cases  is,  "  How  can  I  most  cheaply 
decompose  this  chemical  compound  and  bring  forth  the  metal  in  the 
free  state?" 
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The  answer  to  this  query  has  been  the  devising  of  chemical  proc- 
esses of  the  most  diverse  and  interesting  character.  Oxidized  ores 
are  commonly  reduced  by  the  agency  of  carbon  or  its  first  derivative, 
carbonic  oxide  gas,  illustrations  of  which  are  our  huge  blast  furnaces 
for  reducing  iron  ores ;  the  more  modest  cupola  smelters  for  lead, 
copper,  and  tin ;  the  complicated  retort  furnace,  with  condensers 
attached,  for  zinc ;  the  expensive  crucible  method  for  manganese  and 
chromium.  Some  oxidized  ores,  as  of  aluminum,  magnesium,  calcium, 
barium,  and  strontium,  are  not  reducible  by  carbon  at  ordinary  furnace 
heats,  and  the  metallurgist  has  isolated  these  metals  only  by  attacking 
the  question  in  flank,  and  converting  these  oxides  first  into  chlorides 
or  fluorides  and  then  decomposing  these  by  stronger  metals,  such  as 
sodium  or  potassium. 

The  sulphides  as  a  class  are  not  decomposable  by  carbon,  but 
they  are  fortunately  all  convertible  into  oxides  by  roasting  them  at 
redness  in  a  current  of  air,  and  the  oxide  formed  may  then  be  reduced 
in  the  same  way  as  an  oxidized  ore.  The  sulphide  of  mercury  is 
exceptional  in  that  it  roasts  directly  to  metallic  mercury  vapor,  which 
needs  only  condensation. 

Of  the  common  metals,  the  following  are  their  most  common  ores : 

native 

carbonate 

oxide 

oxides 

oxide 

sulphide 

oxide 

sulphide 

oxide 

arsenide 

tellurides 

native 

Electricity  is  used  to  assist  the  metallurgist  in  three  fundamentally 
different  ways,  viz. :  I.  Mechanically.  II.  Thermally.  III.  Electro- 
lytically. 

/.  Mechanical  Applications.  —  The  mechanical  assistance  of  elec- 
tricity is  here  meant  as  not  including  the  ordinary  electric  devices, 
such  as  elevators,  cranes,  motors,  etc.,  but  is  intended  to  include  all 
those  mechanical  processes,  which  when  applied  to  ore  or  metal,  aid 
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in  its  extraction.  It  refers  particularly  to  the  electro-magnetic  and 
electrostatic  concentration  of  the  heavy  metallic  parts  of  ores,  with 
the  rejecting  of  the  worthless  gangue  material. 

A  treatise  might  be  written,  in  fact  has  been  written,  upon  this 
subject  alone.  Within  less  than  a  year  F.  Langguth  has  published  a 
monograph  on  "  Elektromagnetische  Aufbereitung," l  which  describes 
at  length  the  various  electro-magnetic  processes  for  dressing  and  con- 
centrating ores.  This  branch  of  electro-metallurgy  is  already  rendering 
important  service  to  the  iron  industry  in  making  it  possible  to  use  ores 
which  were  otherwise  too  lean  or  too  impure  to  be  put  into  the  blast 
furnace,  and  has  thus  added  largely  to  our  available  supplies  of  iron  ore. 

A  principle  differing  from  the  time-honored  electro-magnetic  con- 
centration is  the  electrostatic  process,  based  on  the  repelling  force 
of  electrostatically  charged  particles,  devised  by  Blake  and  Morscher. 
The  machine  and  process  are  described,  with  illustrations,  by  Swart, 
in  the  Engineering  and  Mining  Journal  for  January  24,  1903.  When 
the  mass  of  ore  and  gangue  particles  is  brought  into  contact  with  a 
statically  charged  metallic  surface,  particles  of  low  conductivity  become 
charged  and  repelled,  while  those  of  high  conductivity  are  not  repelled. 
Some  interesting  separations,  differing  radically  from  electro-magnetic 
separations  or  specific  gravity  separations,  can  be  thus  accomplished. 
As  a  general  rule,  the  metallic  compounds  present,  as  sulphides,  etc., 
are  good  conductors,  while  the  gangue  of  quartz,  lime,  etc.,  is  a  poor 
conductor ;  but  there  are  interesting  exceptions,  such  as  zinc  blende, 
which  is  a  poor  conductor,  and  can  be  thus  separated  from  pyrite, 
galena,  and  chalcopyrite,  or  from  magnetite  and  pyrrhotite,  dryness 
being  the  only  requirement  and  proper  sizing.  A  one  horse  power 
static  machine,  generating  current  at  10,000  to  20,000  volts,  will 
treat  12  to  15  tons  in  twenty-four  hours.  This  process  is  therefore 
a  mechanical  separation  on  a  newly  applied  electrical  principle,  and 
gives  promise  of  being  extremely  useful  to  the  metallurgist  in  some 
special  cases,  such  as  the  treatment  of  mixed  complex  sulphide  ores. 

//.  Thermal  Methods.  —  The  electro-thermal  processes  useful  to 
the  metallurgist  are  numerous  and  important.2  In  them  the  energy 
of  the  electric  current  is  converted  into  heat,  and  the  processes  are 
either  merely  mechanical  processes,  such  as  melting,  volatilization  or 


1  Published  by  W.  Knapp,  Halle. 

a  This  class  of  furnaces  is  thoroughly  discussed  by  W.  Borchers,  DU  Elektrische  Oefen% 
Halle,  1895. 
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heating  alone ;  or  chemical  processes,  such  as  purification  of  ore,  or 
reduction  to  metal,  in  which  the  electric  current  acts  simply  as  the 
source  of  the  heat  needed.  Since  the  chemically  decomposing  or  elec- 
trolytic effect  of  the  current  is  not  utilized  in  this  class  of  processes, 
they  ordinarily  operate  quite  as  effectively  and  efficiently  with  an 
alternating  electric  current  as  with  a  direct ;  in  fact,  there  is  a  decided 
preference  in  this  line  for  using  only  alternating  current,  since  it  is 
more  manageable  and  easier  to  obtain. 

We  may  divide  these  electro-thermal  metallurgical  operations  into 
two  classes,  viz.,  those  operating  by  an  arc  and  those  operating  only  by 
the  incandescience  of  an  electrically  heated  conductor. 

The  first  class,  the  arc  furnaces,  are  not  so  extensively  used  as  the 
second  class.  Henri  Moissan  has  been  the  chief  investigator  of  the  pos- 
sibilities of  the  arc  furnaces,  and  in  his  classical  work l  has  given  us  the 
results  of  using  various  forms  for  different  chemical  and  metallurgical 
operations.  But  long  before  him,  pioneers  in  electro-metallurgy  had 
devised  and  patented  similar  operations.  Pichon,  in  1854,  proposed  to 
feed  a  mixture  of  metallic  ore  and  carbon  into  the  space  between  two 
powerful  arc  light  carbons,  and  thus  smelt  the  ore.  Siemens,  in  1879, 
proposed  to  melt  steel  by  making  it  one  pole  of  a  powerful  arc,  in  a 
crucible,  and  actually  operated  a  furnace  on  that  principle,  but  it  was 
not  commercially  profitable.  Captain  Stassano,  in  Italy,  has  recently 
operated  a  furnace  resembling  a  small  blast  furnace,  in  which  the  heat- 
ing agent  was  a  powerful  electric  arc  placed  just  above  the  crucible  of 
the  furnace,  which,  partly  by  contact  with  the  charge  but  more  by 
radiation  and  conduction,  heated  the  iron  ore,  carbon,  and  fluxes  charged 
to  the  necessary  temperature  to  produce  fluid  steel  and  slag.  This 
method  also  has  not  as  yet  been  applied  profitably  to  the  reduction  of 
iron  ores,  but  its  application  to  the  reduction  of  copper  ores,  where 
power  can  be  had  cheaply  and  fuel  is  dear,  is  more  promising.  An 
older  idea  is  to  mix  the  ore  to  be  reduced  with  carbon  and  to  compress 
it  into  solid  electrodes,  which  are  then  used  as  the  terminals  of  an  arc, 
and  the  smelting  takes  place  in  the  arc  itself,  while  reduction  may  take 
place  in  the  body  of  the  carbons  just  a  little  back  of  the  terminals  and 
the  extreme  temperature  of  the  arc. 

Several  electric  furnaces  now  in  practical  application  unite  the  heat- 
ing by  arc  and  by  incandescence.     Such  is  the  melting  and  purification 


1  Le  Four  Electrique^  par  Henri  Moissan,  Paris,  1897. 
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process  for  purifying  bauxite  used  by  Mr.  Hall.  The  aluminum  ore, 
mixed  with  sufficient  carbon  to  reduce  its  impurities,  is  fed  into  the 
vicinity  of  very  powerful  arcs,  where  it  is  fused  by  contact  and  the 
radiated  heat.  The  fused  mixture  falling  beneath  the  arc  becomes 
the  other  pole,  and  is  subsequently  kept  melted  and  enabled  to  com- 
plete its  reaction  by  the  passage  of  the  current  through  it.  In  this 
way  a  body  of  material  several  feet  deep  can  be  kept  in  fusion  while 
the  actual  fusion  to  start  with  is  affected  at  the  surface  of  the  bath 
by  the  heat  of  the  arcs  springing  to  its  surface  from  the  overhanging 
carbons.  This  method  is  very  effective  in  localizing  heat  where  it  is 
needed  in  greatest  amount,  and  yet  distributing  a  part  of  it  through  a 
large  body  to  maintain  it  in  fusion  after  it  is  once  melted. 

The  chief  difficulty  in  managing  arc  furnaces  is  the  variability  in 
the  resistance  of  the  arc,  caused  by  irregularities  in  the  wearing  away 
of  the  terminals,  and  by  foreign  material  bridging  over  from  time  to 
time.  These  variations  are  trying  on  the  electrical  machinery,  and  tend 
to  reduce  the  efficiency  of  the  operation  as  a  commercial  process. 

Heating  by  incandescence  is  the  more  largely  applied  principle  in 
electric  furnaces.  Before  describing  this  class  of  operations  we  must 
clear  the  ground  by  limiting  the  incandescence  to  that  of  conductors 
which  are  not  being  used  as  electrolytes,  else  otherwise  we  would  pass 
in  our  description  to  the  "  electrolytic  "  metallurgical  processes,  which 
are  of  a  fundamentally  different  character  from  the  electro-thermal  proc- 
esses now  under  discussion.  The  operations  now  being  discussed,  in 
which  the  current  acts  only  as  a  heating  agent  and  does  not  perform 
electrolysis,  are  called  "electric  furnace  processes  " ;  those  electrolytic 
processes,  of  our  third  class,  in  which  heating  is  essential  and  is  inci- 
dentally supplied  by  the  energy  of  the  current  performing  electrolysis, 
are  called  "electrolytic  furnace  processes."  The  latter  must  be  dis- 
cussed in  their  own  class,  because  of  the  essential  electrolytic  character 
of  the  operations  produced  in  them. 

Electro-thermal,  or  electric-furnace,  processes  are  extremely  useful 
to  the  metallurgist,  and  may  take  many  forms.  They  may  be  used  in 
the  form  of  the  incandescence  of  solid  or  liquid  conductors,  the  former 
continuous  or  granular,  and  used  for  simple  heating,  melting,  or  for 
provoking  chemical  reactions. 

Using  solid  conductors  of  carbon  or  a  difficultly  fusible  metal,  we 
have  the  electrically  heated  muffles  or  crucibles,  which  have  the  con- 
ductors wound  around  them  or  embedded  in  their  sides,  and  which  are 
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so  useful  in  the  laboratory  and  for  performing  metallurgical  operations 
on  a  small  scale  with  an  exact  regulation  of  temperature,  such  as  tem- 
pering steel  and  making  alloys.  Again,  if  the  material  to  be  treated 
is  packed  around  the  solid  conductor  it  may  be  heated  up  to  its  reacting 
point  by  the  heat  radiated  and  conducted  from  the  incandescent  con- 
ductor. Such  operations  were  conducted  on  many  difficultly  reducible 
oxides  by  W.  Borchers,  in  1892,  by  using  a  thin  pencil  of  electric  light 
carbon  as  the  heat  producer,  and  packing  around  it  the  oxide  to  be 
reduced  mixed  with  carbon.  In  this  way  all  the  metallic  oxides  are 
capable  of  being  reduced,  and  the  process  is  at  present  commercially 
applied  to  reducing  tungsten,  titanium,  and  similar  metals  which  cannot 
be  Teduced  by  carbon  at  ordinary  furnace  heats.  The  production  of 
carborundum  by  heating  a  mixture  of  silica  with  carbon  in  excess,  by 
the  use  of  a  solid  carbon  conductor  4  inches  square,  is  an  application 
of  the  incandescent  electric-furnace  principle ;  but  the  operation  is  one 
belonging  to  the  field  of  industrial  chemistry,  and  not  to  metallurgy, 
since  the  product  is  not  metallic  silicon,  but  silicon  carbide,  and  the 
operation  is  therefore  not  a  metallurgical  operation  nor  part  of  the 
metallurgical  industry. 

Quite  recently  Mr.  F.  J.  Tone,  of  Niagara  Falls,  has  devised  a  fur- 
nace for  the  reduction  of  oxides  whose  temperature  of  volatilization  lies 
close  to  the  temperature  of  reduction.  This  furnace  contains  a  vertical 
column  of  carbon  blocks  piled  upon  each  other,  and  forming  practically 
a  solid  carbon  core,  around  which  is  the  mixture  of  fine  carbon  and 
the  oxide  to  be  reduced.  As  the  reduction  of  the  charge  proceeds, 
being  heated  up  to  the  reacting  temperature  by  the  incandescent  core, 
the  reduced  metal  trickles  down  the  furnace  and  thus  escapes  from  the 
intense  heat  as  fast  as  it  is  reduced.  This  pretty  metallurgical  opera- 
tion has  already  resulted  in  the  production  of  metallic  silicon  at  a  low 
cost.  I  have  seen  two  heavy  barrels  full  which  Mr.  Tone  has  made,1 
and  the  principal  difficulty  now  is  to  find  commercial  uses  for  this  pure 
silicon  at  a  reasonable  selling  price. 

Some  very  important  developments  are  now  being  made  in  the 
utilization  of  electric  furnaces  with  fused  metallic  conductors.  Such 
are  the  many  forms  of  furnaces  now  in  use  for  producing  steel.  An 
entire  evening  would  be  none  too  long  for  describing  the  present  con- 
dition of  the  electric-furnace  production  of  steel.      Various  ways   of 


1 A  large  piece  weighing  several  pounds  was  exhibited  at  the  lecture. 
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applying  the  current  have  been  tried,  but  the  most  successful  are 
those  in  which  the  steel  itself,  lying  in  a  long  trough  or  gutter,  forms 
the  resistance  material  and  conducts  the  heating  current. 

In  the  Gin  furnace1  the  trough  has  a  serpentine  course,  passing 
several  times  up  and  down  the  length  of  the  furnace  hearth,  and  being 
tapped  at  the  bends.  The  terminals  are  large  blocks  of  steel,  which 
from  their  size  remain  solid,  and  are  also  prevented  from  melting  by 
being  water  cooled.  The  operation  is  that  of  the  ordinary  open-hearth 
process,  except  that  oxidation  is  produced  entirely  by  iron  ore  instead 
of  by  air,  and  the  quality  of  the  steel  is  claimed  to  be  equal  to  crucible 
steel.  It  is  claimed  also  that  steel  can  be  thus  made,  using  power  at 
twenty  dollars  per  horse  power  year,  at  lower  prices  than  by  present 
open-hearth  methods. 

The  Kjellin  furnace2  is  based  on  the  use  of  liquid  steel  itself  as 
resistance,  but  embodies  the  brilliant  idea  of  shaping  the  trough  of 
steel  into  a  circle,  and  heating  it  by  induced  currents  alone,  the  ring 
of  steel  being  the  secondary  circuit  of  a  transformer,  of  which  the 
primary  is  a  heavy  coil  encircling  a  magnet,  one  pole  of  which  passes 

■  

through  a  hole  in  the  centre  of  the  furnace.  The  output  is  reported 
to  be  ioo  pounds  of  steel  per  kilo-watt  day,  which  amounts  to  only 
two  dollars  per  ton  of  steel  for  power. 

There  is  not  the  slightest  doubt  that  within  a  short  time  electric 
steel  furnaces  will  be  as  numerous  as  ordinary  open-hearth  steel  fur- 
naces, and,  in  the  writer's  opinion,  the  days  of  the  crucible  steel  proc- 
ess are  numbered,  for  the  electric  furnace  can  already  compete  in  any 
locality  with  the  crucible  furnace  for  manufacturing  high  grade  and 
special  steels. 

A  very  effective  means  of  diffusing  the  heat-developing  power  of 
the  current  passing  through  a  conductor,  so  as  to  heat  up  a  large 
space,  is  to  break  up  the  conductor  into  a  large  number  of  irregular 
fragments,  as  by  using  it  in  a  granular  condition,  for  instance,  and 
then  to  pass  the  current  through  it.  Under  these  conditions  the  cur- 
rent passes  from  piece  to  piece  through  innumerable  contact  points ; 
and  since  these  are  points  rather  than  surfaces,  the  local  resistance 
at  the  contacts  is  very  high,  and  a  great  development  of  heat  is  pos- 


1  As  described  at  length  by  Mr.  McN.  Bennie,  in  Electro-chemical  Industry  for  January, 
1904,  p.  20. 

2  Description  in  Electro-chemical  Industry \  December,  1903,  p.  576. 
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sible  from  a  relatively  small  weight  of  resistance  material.  Ball  and 
Guest  used  this  principle  in  1883  to  bake  incandescent  light  fila- 
ments, which  they  embedded  in  granular  carbon  and  then  passed  an 
electric  current  through  the  latter.  In  1893,  E.  G.  Acheson  used 
the  same  principle  in  making  carborundum,  the  granular  carbon  taking 
the  form  of  a  cylindrical  core  around  which  the  carborundum  produc- 
ing charge  was  placed,  and  the  heat  developed  in  the  core  raised  the 
surrounding  charge  to  the  reacting  temperature.  Neither  of  these 
was  a  metallurgical  operation,  and  the  credit  of  applying  this  principle 
to  metallurgical  processes  belongs  to  E.  and  A.  E.  Cowles,  who,  in 
1885,  invented  the  process  of  mixing  the  granular  resistance  material 
with  the  ore  to  be  reduced  and  passing  an  electric  current  through 
the  mixture,  whereby  the  ore  was  in  intimate  contact  with  the  elec- 
trically heated  resistance  material,  and  therefore  immediately  subjected 
to  the  electrical  heat  at  the  point  of  its  generation.  The  process,  its 
mode  of  operation,  and  its  results  were  very  thoroughly  described  by 
my  friend,  Mr.  Cowles,  before  this  Society,  as  set  forth  in  your  Pro- 
ceedings for  1885-86,  page  74. 

The  method  of  operation  of  this  process  is  familiar  to  probably 
every  one.  On  account  of  the  intensity  of  the  heat  to  which  the 
charge  is  raised,  volatile  metals  can  be  obtained  as  alloys  only,  by  mix- 
ing a  less  volatile  metal  or  its  oxide  in  the  charge.  Thus  the  Cowles 
Company  produced  aluminum-alloys  with  copper  and  iron,  copper- 
alloys  with  silicon,  and  other  such  alloys,  but  could  not  produce  pure 
aluminum  or  silicon  in  this  manner.  Within  the  last  few  years  this 
method  of  operation  has  been  extensively  adopted  for  producing  alloys 
of  iron  with  manganese,  silicon,  chromium,  tungsten,  molybdenum,  vana- 
dium, boron,  etc.,  for  use  in  the  manufacture  of  special  steels.  In  pro- 
ducing these  alloys,  which  require  a  high  temperature  for  reduction, 
the  electric  furnace  has  already  gained  a  commercial  position  which 
makes  it  an  important  factor  in  the  iron  industry. 

The  particular  advantages  of  electric-furnace  heat  are : 

1.  It  can  be  generated  up  to  3,500°  C,  which  is  at  least  1,500° 
higher  than  can  be  obtained  in  fuel-fed  furnaces. 

2.  It  is  applied  internally,  or  in  such  close  contact  with  the 
material  to  be  heated  that  it  is  greatly  more  efficiently  applied  than 
the  ordinary  forms  of  heating. 

One  horse-power-year  costs  from  ten  dollars  to  twenty-five  dollars 
at  established  water  power  installations,  and  its  heat-producing  power  is 
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15,000  calories  per  day,  or  the  equivalent  of  the  full  calorific  power 
of  2  kilos  of  good  coal.  This  gives  the  heating  power  of  a  horse* 
power-year  as  that  of  730  kilos,  or  three-quarters  of  a  ton  of  coal. 
But  for  a  given  heating  effect  the  electric  heat  can  be  applied  (for 
instance,  to  melting  steel)  at  an  efficiency  of  75  per  cent.,  whereas 
the  heat  of  combustion  of  coal  is  at  most  applied  at  an  efficiency  of 
25  per  cent.  We  may  say,  therefore,  in  general,  that  the  electric 
heating  will  cost  less  where  coal  costs  per  ton  over  one-half  of  the 
price  paid  per  electrical  horse-power-year.  This  is  on  the  assumption 
that  coal  can  be  so  used  as  to  produce  the  effect  desired,  and  ignoring 
many  other  advantages  which  electrical  heating  possesses,  an<}  which  in 
many  cases  make  its  use  preferable  even  at  several  times  the  cost  of 
a  ton  of  fuel  per  horse-power-year. 

III.  Electrolytic  Methods.  —  These  are  the  processes  where  the 
chemical  decomposing  power  of  the  current,  its  ability  to  perform 
electrolysis,  is  utilized.     They  may  be  all  classed  under  three  heads : 

1.  The  material  being  treated  is  the  electrolyte,  or  part  of  the 
electrolyte. 

2.  The  material  being  treated  is  the  anode,  or  placed  in  contact 
with  the  anode. 

3.  The  material  being  treated  is  the  cathode,  or  placed  in  contact 
with  the  cathode. 

The  electrolyte  may  be  a  solution  in  water  or  a  fused  salt. 

We  will  discuss  first  the  phenomena  of  electrolysis  and  its  attendant 
chemical  phenomena,  in  order  to  understand  the  principles  of  action 
which  the  metallurgist  has  at  his  command  in  employing  electrolysis. 

When  a  direct  electric  current  passes  through  a  liquid  compound 
body  it  tends  to  separate  it  into  two  integral  parts,  its  positive  and 
negative  constituents,  or,  otherwise  stated,  its  metallic  base  and  its 
acid  radical.  The  water  of  an  aqueous  solution  is  never  decomposed 
primarily  so  long  as  there  is  sufficient  salt  in  the  solution  to  carry  the 
impressed  current,  no  matter  how  much  stronger  a  compound  than 
water  the  dissolved  salt  may  be. 

This  primary  electrolysis  is  a  simple  decomposition  of  the  compound 
into  two  primary  constituents,  which  are  liberated  at  the  surface  of  the 
two  electrodes  whereat  the  current  enters  and  leaves  the  electrolyte  — 
points  which  may  be  placed  a  fraction  of  an  inch  apart,  or  30  feet  or 
a  mile  apart,  if  the  apparatus  is  of  that  size. 

The  constituents  tending  to  be  liberated,  the  acid  radical  at  one 
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polfc  and  the  basic  metal  at  the  other,  may  be  liberated  actually  as 
such,  or  they  may,  by  simultaneously  reacting  upon  the  electrodes  or 
upon  the  electrolyte  in  contact  with  the  electrodes,  give  rise  to  so-called 
secondary  actions,  whereby  the  ultimate  results  of  the  passage  of  the 
current  are  the  ultimate  products  thus  developed.  It  is  important 
that  we  recognize  clearly  what  the  tendency  or  characteristics  of  these 
secondary  reactions  are  at  the  two  poles.  At  the  cathode,  the  basic 
metal  tending  to  be  set  free,  the  electro-positive  constituent  of  the 
compound  primarily  decomposed  exerts,  on  the  cathode,  or,  on  the 
electrolyte  itself,  a  chemical  reducing  action,  tending  to  decompose 
compounds  of  weaker  metals,  and  by  abstracting  or  uniting  with  their 
acid  constituent  to  set  their  base  free.  If,  therefore,  the  metallic  com- 
pound to  be  acted  upon  is  made  the  cathode,  or  brought  into  intimate 
contact  with  the  cathode,  the  tendency  of  the  passage  of  the  current 
is  to  abstract  its  acid  constituent  and  to  leave  its  base  free  in  situ. 

If,  on  the  other  hand,  we  consider  the  action  at  the  anode,  the  acid 
radical,  which  tends  to  be  liberated  there,  exerts  upon  the  anode  or 
upon  any  substance  in  contact  with  it  the  exact  opposite  of  a  reducing 
effect,  namely,  an  acidifying  or  (to  use  a  recently  coined  term)  a  per- 
ducing  effect,  corresponding  to  what  chemists  indicate  by  "oxidation," 
used  in  the  general  sense  of  increasing  the  amount  of  acid  constituent 
in  a  compound.  The  tendency  on  a  metal  used  as  anode,  or,  in  inti- 
mate contact  with  the  anode,  is  to  take  it  into  combination,  by  which 
it  becomes,  in  general,  part  and  parcel  of  the  electrolyte  itself,  and  is 
ultimately  deposited  out  upon  the  cathode;  upon  a  metallic  compound 
thus  used  the  tendency  is  to  extract  its  base  and  leave  its  acid  constit- 
uent free,  in  place  of  the  acid  radical  which  would  have  been  liberated 
by  the  primary  action  of  the  current.  The  action  at  the  anode,  in  fact, 
is  analogous  to  the  action  of  the  concentrated  acid  corresponding  to 
the  acid  radical  being  liberated  by  the  primary  decomposition  of  the 
electrolyte,  but  is  in  general  much  jnore  intense.  The  action,  finally, 
may  be  described  as  the  exact  opposite  of  the  secondary  action  at  the 
cathode,  since  the  tendency  of  the  action  on  a  metallic  compound  is 
here  to  extract  its  basic  constituent  and  to  leave  its  acid  constituent 
free  in  situ. 

With  these  preliminary  ideas  fixed  in  mind,  we  will  discuss  the  three 
principles  on  which  electrolytic  methods  are  useful  to  the  metallurgist, 
and  their  applications. 

The  use   of   the  material    under   treatment  as  the  electrolyte,  or 
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part  of  the  electrolyte,  is  a  fruitful  source  of  electro-metallurgical 
processes,  and  has  given  to  us  electrolytic  sodium,  potassium,  lithium, 
calcium,  barium,  magnesium,  aluminum,  manganese,  titanium,  chro- 
mium, and  several  other  metals.  The  principle  may  be  applied  in  two 
different  ways :  thus,  first,  if  a  fusible  compound  of  the  metal  desired 
is  easily  obtainable,  that  compound  may  be  directly  fused  and  electro- 
lyzed.  This  was  the  principle  on  which  Sir  Humphry  Davy  obtained 
sodium  and  potassium  from  their  fused  hydrates,  Bunsen  obtained  mag- 
nesium and  aluminum  from  the  fused  chlorides,  Deville  obtained  alu- 
minum from  its  fluoride  mixed  with  sodium  fluoride,  Guntz  obtained 
lithium  from  its  fused  chloride,  and  Ashcroft  and  Swinburne  have 
recently  extracted  zinc  on  a  commercial  scale  from  its  fused  chloride. 
In  fact,  any  fusible  salt  of  a  metal  which  can  be  easily  produced  may 
thus  serve  as  the  basis  of  an  electrolytic  method  for  the  extraction 
of  the  metal,  the  latter  being  pbtained  in  the  solid,  liquid,  or  gaseous 
state,  according  to  the  temperature  at  which  the  electrolysis  takes  place, 
and  the  metal  in  the  liquid  state  either  sinking  to  the  bottom  of  the 
bath  or  floating  on  top,  according  to  the  relative  specific  gravities  of 
the  fused  metal  and  fused  salt. 

In  thus  electrolyzing  a  fused  metallic  salt  it  is  almost  an  invariable 
rule  that  the  output  of  metal  will  represent  more  nearly  ioo  per  cent, 
efficiency  on  the  amperes,  the  nearer  to  its  melting  point  the  salt  is  when 
electrolyzed.  In  electrolyzing  fused  lead  chloride,  for  instance,  Beetz 
obtained  99.8  per  cent,  efficiency  on  the  current  used  at  the  melting 
point,  only  50  per  cent,  efficiency  at  1500  above  the  melting  point, 
and  practically  no  metal  at  nearly  the  boiling  point  of  the  salt.  In 
electrolyzing  fused  caustic  soda  to  produce  metallic  sodium,  the  output 
falls  rapidly  from  about  90  per  cent,  within  io°  of  the  melting  point 
^309°),  to  zero  at  250  above  the  melting  point.  Mr.  Castner,  the 
inventor  of  this  latter  process,  claims  in  his  patent  merely  the  elec- 
trolysis of  fused  caustic  soda  at  a  temperature  within  250  C.  of  its 
melting  point,  and  has  thus  covered  what  he  had  found  to  be  the  one 
practical  condition  necessary  in  order  to  obtain  the  metal  from  that 
salt. 

As  regards  the  power  necessary  for  this  electrolysis,  the  direct  elec- 
itric  current  is,  as  a  chemical  decomposing  agent,  practically  omnipotent. 
A  drop  of  potential  of  five  volts  from  one  electrode  to  the  other,  in 
addition  to  the  ordinary  voltage  necessary  to  send  current  through 
the  bath  considered  merely  as  a  conductor,  is  sufficient  to  decompose 
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the  strongest  chemical  compound  known,  while  the  average  chemical 
compound  absorbs  only  one  to  two  volts  per  bath.  Expressing  this  in 
another  way,  which  may  appeal  more  plainly  to  the  electrician,  if  a 
given  bath  will  pass  10,000  amperes  of  alternating  current  with  a  drop 
of  potential  of  three  volts,  and  no  decomposition  taking  place,  it  will 
pass  10,000  amperes  of  direct  current  with  a  total  drop  of  between  three 
and  eight  volts,  and  with  total  decomposition  of  the  bath  occurring. 

The  output  of  metal  is  proportional  to  the  amperes  of  current 
passing,  according  to  Faraday's  laws.  The  drop  of  potential  due  to 
the  ohmic  resistance  of  the  bath  is  also  proportional  to  the  amperes  of 
current  passing,  and  to  the  resistance  of  the  bath  considered  merely  as 
an  electric  conductor,  the  same  as  if  it  were  a  bath  of  mercury  of  a 
given  length,  breadth,  and  depth,  and  of  known  specific  resistance  or 
conductivity.  The  formula  would  be  Vc  =  AR,  where  Vc  is  the  volt- 
age lost  in  overcoming  ohmic  resistance,  A  the  amperes  passing,  and  R 
the  total  ohmic  resistance  of  the  bath. 

The  drop  of  potential  due  directly  to  decomposition  (Vd)  depends 
on  the  strength  of  the  compound  decomposed,  and  is  entirely  inde- 
pendent of  the  ohmic  resistance  of  the  bath  or  the  amperes  of  current 
flowing  through  it.  It  is  numerically  equal  to  the  heat  of  formation 
of  the  compound  being  decomposed  at  the  temperature  used,  expressed 
per  one  chemical  equivalent  of  its  components  in  grams,  divided  by 
23,040.  The  latter  quantity,  23,040  calories,  is  the  thermo-chemical 
equivalent  of  the  work  done  in  the  liberation  of  one  gram  equivalent 
of  a  metal,  per  one  volt  drop  of  potential  used  in  decomposition. 

If  a  fusible  compound  of  the  metal  desired  is  not  readily  obtainable, 
or  a  suitable  one  not  to  be  found,  the  problem  of  decomposing  a  practi- 
cably infusible  compound  may  be  solved  by  the  beautiful  principle  dis- 
covered and  illustrated  in  Hall's  process  for  obtaining  aluminum.  The 
most  abundant  source  of  aluminum  is  its  oxide,  alumina,  but  this  is 
not  fusible  except  at  electric-furnace  heat  at  a  temperature  at  which 
aluminum  itself  volatilizes.  Hall  sought  for  a  fusible  salt  which  would 
dissolve  alumina  and  be  electrically  more  stable  than  alumina.  After 
long  search  he  discovered  this  solvent  in  a  mixture  of  fused  sodium 
fluoride  and  aluminum  fluoride,  both  of  which  salts  are  chemically  and 
electrically  more  stable  than  alumina.  By  passing  the  direct  current 
through  the  solution  of  alumina  in  this  bath  only  the  former  is  decom- 
posed, yielding  its  products  at  the  electrodes,  and  the  process  is  made 
continuous  by  supplying  fresh  alumina  as  the  bath  becomes  impover- 
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ished  thereof.  The  discovery  of  this  principle  of  working  has  estab- 
lished the  aluminum  industry,  which  is  now  using  in  America  alone 
22,000  horse  power,  and  producing  4,000  tons  of  metal  annually. 

I  am  surprised  that  the  same  principle,  within  the  large  variations 
which  it  permits,  has  not  been  applied  to  the  reduction  of  other  metallic 
oxides.  It  is  certain  that  easily  fusible  silicates  of  manganese  and  cal- 
cium, for  instance,  would  dissolve  manganese  oxide  to  a  considerable 
extent,  which  would  be  decomposed  by  the  passage  of  the  current. 
Any  chemist  could  sit  down  and  in  a  half-hour  excogitate  a  whole 
series  of  possible  applications  of  this  principle  which  would  need  only 
simple  experiments  to  test  them.  I  consider  this  one  of  the  most 
promising  fields  for  experiment  in  the  whole  realm  of  electro-metallurgy. 

This  class  also  includes  the  electrolysis  of  aqueous  metallic  solutions 
where  the  metal  is  to  be  extracted  only  from  the  solution.  Examples 
are  the  electrolytic  precipitation  of  copper  from  waste  copper  sulphate 
solutions,  usually  using  soluble  iron  anodes,  in  which  latter  case  the 
solution  of  the  anode  furnishes  enough  energy  to  more  than  supply 
the  necessary  potential  for  the  precipitation  of  the  copper.  Another 
use  is  the  precipitation  of  gold  from  cyanide  solutions  by  the  Siemens- 
Halske  process,  where  iron  anodes  are  used  which  are  corroded  to  iron 
cyanide. 

In  general,  all  the  metals  which  do  not  decompose  water  in  a  finely 
divided  state  may  be  thus  electrolytically  deposited  from  solution,  and 
the  operation  takes  less  power  when  soluble  anodes  of  preferably  a  more 
positive  metal  are  used.  If  soluble  anodes  of  a  less  positive  metal  are 
used,  it  is  necessary  to  use  a  porous  diaphragm  to  keep  the  solution 
formed  around  the  anode  from  contact  with  the  cathode,  else  otherwise 
the  less  positive  metal  would  then  be  deposited  along  with  or  instead 
of  the  metal  which  it  was  the  purpose  of  the  process  to  extract. 

Passing  on  to  the  utilization  of  the  so-called  secondary  actions  at 
the  anode,  or,  as  I  would  prefer  to  say,  to  the  acidifying  or  perducing 
influence  of  the  passing  of  the  current  upon  the  anode  or  a  substance 
in  contact  with  it,  we  have  only  a  limited  number  of  applications  so  far 
made.  The  principal  one  is  in  the  metallurgy  of  copper,  where  copper 
matte,  practically  copper  sub-sulphide,  Cu2S,  has  been  used  itself  as  an 
anode  in  a  solution  of  copper  sulphate.  The  perducing  or  acidifying 
action  extracts  the  copper  from  the  matte,  which  goes  into  solution 
as  CuS04,  and  is  then  plated  out  on  the  cathode,  while  the  sulphur, 
being  insoluble,  is  left   in  situ.      The  process  was  worked  for  some 
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time  by  Marchesi,  at  Genoa,  but  has  been  abandoned  on  account  of 
the  mechanical  difficulties  connected  with  the  disintegration  of  the 
anode.  A  similar  principle  has  been  used  by  Frasch  for  attacking 
nickel-copper  matte,  the  electrolyte  being  a  solution  of  sodium  chloride, 
and  the  matte  being  broken  up  small  and  laid  upon  a  carbon  anode, 
and  thus  subjected  to  the  influence  of  the  evolved  chlorine  in  statu 
nascendi.  This  method  is  now  being  tested  by  the  International 
Nickel  Company  for  treating  the  Sudbury  nickel  mattes. 

Solution  of  the  anode  is  also  the  basis  of  the  electrolytic  refining 
processes  by  which  impure  metal  is  refined.  The  latter  being  used 
as  anode,  in  a  solution  whose  acid  radical  would  form  with  the  desired 
metal  a  soluble  salt,  the  desired  metal  is  attacked  and  dissolved,  also 
any  more  electropositive  metals  which  form  soluble  salts,  while  metals 
which  form  insoluble  salts  with  the  acid  radical,  and  also  metals  unat- 
tackable  by  it,  remain  undissolved  and  fall  to  the  bottom  as  anode  resi- 
due. By  the  use  of  proper  current  density  and  brisk  circulation  at 
the  cathode,  only  the  desired  metal  is  precipitated  out  by  the  electric 
current,  while  the  other  more  positive  metals  remain  in  solution.  A 
fractional  part  of  the  solution  is  removed  periodically  and  purified 
chemically  or  electrolytically,  and  thus  the  indefinite  accumulation  of 
impurities  in  the  bath  prevented. 

Copper  alone  to  the  value  of  $  100,000,000  is  being  thus  refined 
annually,  while  silver,  gold,  nickel,  antimony,  zinc,  and  bismuth  are  also 
refined  by  analogous  methods,  also  amounting  in  value  to  millions  of 
dollars  annually.  It  has  been  suggested,  and  the  process  patented,  to 
refine  aluminum,  using  it  as  a  melted  anode  in  a  fused  salt  as  electro- 
lyte, but  the  process  has  not  been  industrially  applied  to  my  knowledge. 
It  is  interesting,  however,  as  opening  up  another  method  of  electrolytic 
refining. 

The  last  principle,  that  of  using  the  material  to  be  treated  as  a 
cathode,  or  in  contact  with  the  cathode,  is  a  principle  first  applied 
industrially  by  Mr.  Pedro  G.  Salom,  of  Philadelphia.1.  He  was  experi- 
menting with  storage  batteries,  and  devised  a  method  of  producing 
spongy  lead  from  native  lead  sulphide,  galena.  The  electrolyte  is  dilute 
sulphuric  acid ;  the  anode  and  the  cathode  are  sheets  of  hard  lead  con- 
taining antimony ;  the  pulverized  galena  is  placed  in  a  layer  £  inch  thick 
on  the  horizontal  cathode.     On  passing  a  current  of  thirty  amperes  per 


1  Description  and  illustration  of  apparatus  in  Vol.  IV,  Transactions  of  the  American 
Electrochemical  Society \  1903. 
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square  foot  of  cathode,  reduction  of  the  galena  takes  place  in  one  and 
one-half  hours.  The  reducing  action  of  the  current  removes  the  sul. 
phur  as  hydrogen  sulphide  gas,  leaving  the  resulting  spongy  lead  in 
situ.  The  efficiency  of  reduction  is  shown  by  the  fact  that  98  per 
cent,  of  the  ore  will  be  thus  reduced  to  spongy,  metallic  lead.  Copper 
sulphide  and  silver  sulphide  are  also  reducible  in  a  similar  way ;  mer- 
curic sulphide  and  zinc  blende  are  not  reducible,  apparently  because 
they  are  practically  non-conductors. 

It  appears,  therefore,  that  the  metallic  compounds  thus  treated  must 
be  electrically  conductive  in  order  to  be  reduced ;  in  fact,  they  become 
themselves  the  immediate  cathode  during  the  electrolysis.  There  is 
no  reason  why  other  metallic  compounds  which  are  conductors  may 
not  be  similarly  reduced.  In  fact,  every  one  is  familiar  with  the  fact 
that  in  the  discharge  of  the  storage  battery  the  lead  peroxide  on  the 
negative  plate,  or  cathode,  is  reduced  to  spongy  lead. 

The  principle  discovered  by  Mr.  Salom  is  evidently  one  which  may 
have  a  wide  application. 

While  I  have  endeavored  to  classify  the  various  electro-metallurgical 
processes,  and  to  elucidate  the  broad  principles  on  which  they  are  based, 
yet  I  am  conscious  of  the  fact  that  I  have  by  no  means  enumerated, 
much  less  described,  all  such  processes.  To  do  so  would  require  a 
course  of  lectures  instead  of  a  single  one.  I  have  rather  brought 
forward  and  described  such  typical  processes  as  illustrated  the  various 
divisions  of  my  classification. 

But  aside  from  the  body  of  present  processes  included  within  this 
classification,  there  are  undoubtedly  many  possible  applications  of  these 
principles  awaiting  discovery  by  the  patient  investigator.  Nay,  more,  it 
is  altogether  probable  that  there  are  new  principles  of  electro-metal- 
lurgic  action  also  awaiting  discovery  by  the  enthusiastic  and  imaginative 
investigator  —  principles  whose  first  discovery  will  be  the  perquisites 
of  investigators  trained  not  only  in  manipulative  skill,  but  also  equally 
necessarily  trained  in  "The  Scientific  Use  of  the  Imagination." 
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STRUCTURE  AND  COMPOSITION  OF  THE  DELTA  PLAINS 
FORMED  DURING  THE  CLINTON  STAGE  IN  THE  GLA- 
CIAL LAKE  OF  THE  NASHUA    VALLEY. 

By  W.  O.  CROSBY. 

(Continued from  Vol.  XVI >  page  254.} 

Structural  Features  of  the  Clinton  Plains. 

It  is  proposed  to  consider  here  only  that  segment  of  the  Clinton 
plains  crossed  by  the  North  Dike,  and  bounded  on  the  north  by  Coach- 
lace  Pond  and  on  the  south  by  Cunningham  Brook  and  the  Nashua 
River ;  for,  as  previously  noted,  this  member  alone  of  the  Clinton 
series  has  been  sufficiently  dissected  by  borings  and  excavations  to 
afford  the  data  requisite  to  an  understanding  of  its  structure. 

General  Topographic  and  Bed-rock  Relations.  —  As  the  contour 
maps  clearly  show,  the  North  Dike  plain  is  approximately  two  miles 
long  (east-west)  by  one  mile  wide  in  the  general  direction  of  its  growth 
from  north  to  south,  and  divided  midway  of  its  length  by  the  narrow 
and  overlapping  ridges  of  metamorphic  slate  or  phyllite,  on  the  most 
southerly  of  which  the  Catholic  cemetery  was  formerly  located.  The 
western  part  of  the  plain  is,  in  most  respects,  the  more  normal  delta, 
at  least  in  regard  to  its  formal  features — an  almost  unbroken  plain 
sloping  gently  and  evenly  southward  from  a  typical  ice-contact  margin 
fringed  with  kettles  to  a  lobate  frontal  slope,  which  is  separated  from 
the  ice-contact  margin  of  the  earlier  Nashua  plain  by  the  foss  valley 
of  Cunningham  Brook.  In  its  lower  surface,  also,  the  western  part  of 
the  North  Dike  plain  is  relatively  simple  and  normal,  since  its  north- 
ern half  rests  on  an  approximately  plane  bed-rock  floor,  ranging  in 
elevation  from  about  330  to  nearly  370  feet,  which  also  slopes  gently 
southward  and  is  rather  deeply  trenched  in  that  direction  by  several 
southward-sloping  and  southward-converging  valleys.  The  form  of 
the  bed-rock  surface,  so  far  as  developed  by  the  borings,  and  the  rela- 
tion to  it  of  the  preglacial  drainage  lines  and  the  surface  of  the  delta. 
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plain  are  exhibited  in  the  map  (Figure  10),  although  this  shows  only 
one-half  of  the  borings,  and  still  more  clearly  in  the  profiles,  especially 
of  the  east-west  series  (Figure  12). 
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The  eastern  part  of  the  plain,  as  it  existed  before  the  building  of 
the  North  Dike,  is  far  more  irregular  both  superficially  and  basally, 
as  shown  in  Figure  n.  Midway  between  the  cemetery  ridges  and 
Burdette  Hill  it  is  widely  divided  by  the  kettle  basins  of  Coachlace 
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and  Sandy  Ponds,  continued  southwestward  in  a  string  of  more  normal 
kettles ;  and  approximately  coincident  in  position  and  trend  with  this 
depression  is  the  deep,  preglacial  bed-rock  gorge  of  the  Nashua  River, 
to  which  several  minor  bed-rock  valleys  with  separating  ridges  of  schist 
•   are  tributary.1 

The  most  surprising  and  puzzling  feature  of  the  relations  of  this 
plain  to  the  bed-rock  contours  is  the  fact  that  the  basin  or  trough  of 
Coachlace  Pond,  as  it  existed  before  the  building  of  the  North  Dike, 
although  closely  parallel  to  the  deep,  buried  gorge  of  the  Nashua,  does 
not  directly  overlie  it,  but  is  superposed,  with  120  to  130  feet  of  modi- 
fied drift  intervening,  upon  a  distinct  bed-rock  terrace  several  hundred 
feet  wide,  and  with  an  elevation  of  190  to  210  feet,  separating  the  gorge 
from  a  well-defined  ridge  of  schist  comparable  with  the  cemetery  ridges 
and  rising  to  a  maximum  elevation  of  280  feet,  or  within  100  feet  of 
the  surface  of  the  Clinton  plain.  This  relation,  whether  fortuitous  or 
not,  clearly  demands  consideration  in  any  discussion  of  the  origin  of  the 
kettles.  It  appears  from  the  foregoing,  supplemented  by  the  map  (Fig- 
ure 11)  and  the  east-west  profiles  (Figure  14),  that  the  broken  eastern 
half  of  the  North  Dike  plain  rests  upon  an  unusually  rugged  bed-rock 
topography,  with  a  maximum  relief  of  nearly  300  feet  and  correspond- 
ing variation  in  the  depth  or  thickness  of  the  modified  drift;  and  it 
may  be  added  that  the  form  of  the  bed-rock  surface  is  without  appre- 
ciable influence  upon  the  contours  of  the  delta  plains,  except,  perhaps, 
in  determining  in  some  degree  the  location  and  trend  of  the  north- 
south  line  of  kettles,  or  ice-block  depressions.  The  bed  rock  beneath 
the  modified  drift  is  everywhere  fresh  and  unweathered,  even  the  pyrite 
cubes  in  the  black,  carbonaceous  phyllite  being  bright  and  entirely 
unoxidized. 

Relations  to  the  Ground  Moraine,  or  Till.  —  With  a  bed-rock  topog- 
raphy of  strong  relief,  the  dominant  trends  of  which  are  obliquely 
transverse  to  the  direction  of  glacial  movement,  it  might  perhaps  have 
been  anticipated  that  the  depressions  would  be  deeply  filled  with  the 
ground  moraine.  As  a  matter  of  fact,  however,  the  borings  show 
the  valleys,  and  notably  the  deep,  preglacial  gorge  of  the  Nashua 
River,  to  be  remarkably  free  from  till ;  and  this  notwithstanding  that 
the  North  Dike  plain  terminates  both  east  and  west  in  prominent 
drumloids  in  which  the  bed  rock  is  heavily  covered  with  till.     As  the 


1  Technology  Quarterly,  12,  294. 
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profiles  (Figure  14)  clearly  show,  where  the  till-clad  slope  of  the  Bur- 
dette  Hill  drumloid  passes  beneath  the  North  Dike  plain  on  the  east, 
the  mantle  of  till  becomes  rapidly  thinner  and  dies  out  within  a  short 
distance  from  the  margin,  the  till  failing  to  cross  reference  line  53,400 ; 
but  across  practically  the  entire  breadth  of  the  complex  valley  to  the 
cemetery  ridge,  a  distance  of  more  than  3,000  feet,  the  boring  samples 
show  on  most  of  the  profiles  not  a  trace  of  till,  and  never  more  than 
one  or  two  isolated  thin  patches.  The  only  thing  really  suggestive 
of  till  in  this  part  of  the  field  is  a  basal  layer  of  gravel,  of  obviously 
local  origin,  and  ranging  from  a  few  inches  to  several  feet  in  thickness, 
which  many  of  the  borings  show  resting  upon  the  bed-rock  surface. 
This  basal  gravel,  varying  from  coarse  to  fine,  but  undoubtedly  includ- 
ing much  coarser  material  than  the  wash-drill  samples  indicate,  might 
perhaps  be  interpreted  as  a  washed  till ;  but  if  so,  the  washing  has 
been  singularly  thorough,  for  the  samples  show  it  to  be  entirely  devoid 
of  clay  and  rock  flour ;  and  there  is  no  apparent  reason  why  it  should 
be  differentiated  in  origin  from  the  rest  of  the  modified  and  water-laid 
drift.  West  of  the  cemetery  ridge  the  facts  are  essentially  similar  for 
the  northern  profiles,  the  till  being  restricted  to  a  few  thin  patches 
rarely  exceeding  5  feet  in  thickness.  But  southward,  down  the  slop- 
ing bed-rock  plain,  the  till  increases  somewhat ;  and  in  the  two  or 
three  most  southerly  profiles  it  is  practically  continuous,  and  varies 
in  thickness  from  2  to  30  feet. 

This  basal  relation  of  the  modified  drift  is,  after  all,  not  unique 
nor  very  unusual.  On  the  contrary,  it  may  be  regarded  as  distinctly 
normal;  for  in  my  experience,  as  probably  in  that  of  most  students 
of  glacial  geology,  it  is  the  exceptional  case  where  the  modified  drift  of 
narrow  or  well-defined  valleys  overlies  continuously  any  important  thick- 
ness of  till.  The  superposition  of  modified  drift  (washed  and  stratified 
or  water-laid  sand  and  gravel)  upon  the  ground  moraine  or  till  may 
occur  to  a  limited  extent  on  uplands  and  very  generally  on  plains, 
either  upland  or  lowland ;  but  it  clearly  is  not  a  normal  feature  of  the 
drift  deposits  of  definite  or  deep  valleys.  In  other  words,  leaving 
plain  tracts  out  of  account,  it  may  be  said  that  till  is  as  generally 
confined  to  hills  and  ridges  as  modified  drift  is  to  valleys ; 1  and  this 
suggests,  by  way  of  explanation,  the  further  generalization  that  the 
basal  currents  of  the  ice  sheet,  at  least  in  regions  of  strong  and  rugged 
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relief,  were  at  the  last  concentrated  in  the  valleys ;  and  that,,  after  the 
manner  of  Alpine  glaciers  and  valley  glaciers  generally,  they  swept  their 
channels  clear  of  the  ground  moraine,  the  movement  of  the  ice  becom- 
ing more  differential  and  localized  as  the  thickness  of  the  ice  sheet  was 
reduced  by  ablation,  and  continuing  after  the  deposition  of  the  main 
part  or  the  whole  of  the  ground  moraine  by  basal  melting.  It  may 
further  be  suggested  that  we  have  here,  in  the  persistent  movement 
of  the  ice  and  the  dearth  of  ground  moraine,  a  cause  of  the  general 
non-occurrence  of  eskers  in  the  axial  portions  of  valleys,  which  may 
be  regarded  as  supplementing  the  explanation  previously  proposed  by 
the  writer,1  and  based  upon  the  tendency  of  the  differential  flow  of 
the  ice  to  determine  lines  of  superglacial  drainage  along  the  sides 
of  the  valleys. 

Collection  and  Classification  of  the  Boring  Samples.  —  The  bor- 
ings in  the  North  Dike  area  were  made  with  the  wash  drill  (Figure 
15),  which  consists  essentially  of  a  strong  casing  pipe  approximately 
3  inches  in  diameter,  and  the  drill  proper  or  water  pipe  about  \\  inches 
in  diameter,  and  terminating  at  the  lower  end  in  a  cutting  edge  with 
two  small  holes  for  the  escape  of  the  water.  The  casing  is  driven  into 
the  ground  by  a  cast-iron  weight  which  encircles  its  uppermost  length 
or  drive  head,  and,  falling  freely,  strikes  on  a  collar  firmly  attached  to 
the  lower  end  of  the  drive  head.  In  this  collar  is  the  outlet  for  the 
water  which,  escaping  from  the  lower  end  of  the  drill,  rises  in  the  annu- 
lar space  between  the  drill  and  casing,  and  brings  up,  if  the  head  of 
water  be  sufficient,  all  material  loosened  by  the  action  of  the  drill, 
•except  pebbles  and  stones  too  large  for  the  channel,  or  exceeding  about 
1  inch  in  diameter.  Larger  stones  are  either  displaced  or  broken  by 
the  drill  or  casing.  The  outflowing  stream  of  turbid  water  discharges 
into  a  tub  in  which  the  coarser  materials  in  suspension  settle,  while 
the  clay  and  rock  flour  are  largely  washed  away  with  the  overflow. 
At  convenient  intervals,  and  especially  when  a  change  in  the  charac- 
ter of  the  discharge  is  noted,  the  water  in  the  tub  is  poured  off,  a 
sample  taken  from  the  accumulated  sediment,  and  the  tub  cleaned  out 
preparatory  to  the  collection  of  the  next  sample.  In  absorptive  strata 
a,  part  of  the  water  may  escape  into  the  ground,  reducing  the  velocity 
of  the  excurrent  stream  sufficiently  so  that  only  the  finer  detritus  is 
brought  up ;  or  the  water  may  be  wholly  lost  and  no  sample  obtained 
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until  the  ground  becomes  saturated  or  the  casing  is  driven  deep  enough 
to  cut  off  the  thirsty  stratum.  It  has  been  found  also  that  when  the 
casing  has  reached  the  great  body  of  fine  sand  and  rock  flour  of  which 
the  lower  part  of  the  deposit  is  chiefly  composed,  the  drill  may  be  run 
down  below  the  casing  100  or  even  150  feet,  the  water  rising  for  this 
distance  in  an  uncased  well  of  its  own  making  without  collapse  or 
s  caving  of  the  walls.     Of  course  any  enlargement  of  this  tinpro- 


Fig.  15, — The  Wash  Drill  in  Operation  on  the  North  Dike  Plain. 

tected  part  of  the  hole  must  diminish  the  velocity  of  the  water  through 
it,  and  thus,  as  in  the  case  of  "lost  water,"  tend  to  prevent  coarse 
sand  or  gravel  from  coming  up,  and  make  the  samples  more  or  less 
incomplete. 

The  majority  of  the  samples  were  necessarily  taken  under  the 
general  conditions  described  above ;  and  these  are  designated  as  regular 
or  "incomplete"  samples.  These  were  supplemented  for  certain  bor- 
ings by  special  or  "complete"  samples,  taken  by  holding  a  two-quart 
glass  jar  under  the  discharge  and  allowing  it  to  fill  but  not  overflow. 
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and  then  after  the  material  in  suspension  had  settled  drawing  off  the 
water  with  a  siphon.  In  cases  of  persistent  turbidity  (suspended  clay) 
a  few  drops  of  hydrochloric  acid  were  added  to  the  water  to  curdle 
the  clay,  and  thus  secure  a  more  prompt  and  perfect  separation.  With 
these  precautions  the  special  samples  cannot  fail  to  show  in  due  pro- 
portion all  the  materials  brought  up  by  the  water;  but  they  are  still 
likely  to  be  imperfectly  representative  of  the  deposit  as  it  exists  in 
the  ground  when  the  detritus  is  coarse,  or  of  a  composite  (coarse  and 
fine)  character,  or  where  any  important  part  of  the  water  is  lost.  The 
special  samples  were  taken  at  regular  intervals  of  5  feet,  and  an  extra 
sample  whenever  a  change  in  the  character  of  the  discharge  was  noted, 
thus  making  sure  that  no  important  changes  were  overlooked. 

The  special  samples,  with  the  regular  samples  from  the  same  bor- 
ings, were  submitted  to  elaborate  mechanical  analyses  and  filtration 
tests  to  be  described  later-;  but  the  regular  samples  as  a  whole  were 
far  too  numerous,  as  well  as  too  incomplete  in  character,  to  justify  any- 
thing more  than  a  careful  macroscopic  examination  with  a  view  to  an 
approximate  classification  in  accordance  with  the  following  scheme :  — 

1 .  Coarse  gravel.  6.     Superfine  sand. 

2.  Fine  gravel.  7.     Rock  flour. 

3.  Coarse  sand.  8.     Superfine  rock  flour. 

4.  Medium  sand.  9.     Clay. 

5.  Fine  sand.  10.     Bowlder  clay. 

The  coarser,  and  also  the  finer,  grades  are,  as  usual,  highly  com- 
posite or  have  high  uniformity  coefficients ;  while  the  intermediate 
grades,  and  especially  5,.  have,  for  reasons  to  be  discussed  later,  a 
high  degree  of  uniformity  or  relatively  low  coefficients.  The  uni- 
formity coefficient  is  defined  as  the  ratio  of  that  size  of  grain  than 
which  60  per  cent,  is  finer  to  that  size  than  which  10  per  cent,  is 
finer,  this  ratio  varying  inversely  as  the  actual  uniformity.  A  large 
number  of  determinations  gave  the  following  as  the  average  or  normal 
maximum  sizes  of  grain  in  the  four  grades  between  medium  sand  and 
clay:  5=0.45  millimeter;  6  =  0.28  millimeter;  7  =  0.16  millimeter; 
8  =  0.08  millimeter.  The  averages  of  the  uniformity  coefficients  for 
these  grades  are  as  follows  :  5  =  1.96 ;  6  =  2.1 1  ;  7  =  2.25  ;  8  =  1.53. 
These  values  of  the  uniformity  coefficients  are  believed  to  be  essentially 
normal  for  grades  5,  6,  and  7,  and  technically  so  for  grade  8.  The 
values  for  grades  7  and  8  (2.25  and  1.53)  are,  in  each  case,  the  average 
of  thirty-eight  determinations,  with  minimum  and  maximum  values  of 
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1.49  and  3.30  for  grade  7  and  1.15  and  1.88  for  grade  8.  But  it  is 
very  difficult  or  practically  impossible  to  accurately  measure  the  finer 
particles  of  grade  8,  since  they  are  in  their  minuteness  on  the  border 
line  of  clay ;  and  it  is  very  obvious  that  where  falling  below  the  tech- 
nical effective  size  (the  size  than  which  10  per  cent,  is  finer)  or  even 
where  aggregating  less  than  10  per  cent,  of  the  whole,  they  may  still 
be  regarded  as  an  important  factor  in  determining  the  real  uniformity 
as  well  as  in  their  influence  upon  porosity  and  percolation. 

Many  samples  were  readily  recognized  as  intermediate,  in  the  size 
of  their  dominant  constituent,  between  the  regular  grades,  and  are 
accordingly  designated  by  fractional  numbers,  as  6£,  7J,  etc.  Also 
many  samples  are  visibly  composite,  and  the  designating  numbers 
express  the  grades  of  the  chief  components.  Thus  56  stands  for  a 
sample  in  which  fine  and  superfine  sand  are  the  distinctive  or  prominent 
constituents,  and  so  on. 


General  Structure.  —  A  normal  delta  built  by  a  swift  and  turbid 
stream  in  a  body  of  standing  water,  that  is,  formed  under  the  condi- 
tions existing  in  a  glacial  lake,  embraces,  as  shown  in  the  accompanying 
diagram  (Figure  16),  three  approximately  horizontal  beds,  which  Davis 
has  fitly  named  the  topsets,  foresets,  and  bottomsets.  In  the  topsets, 
composed  mainly  of  coarse  material  (gravel  and  coarse  sand,  grades  1, 
2,  3)  stranded  on  the  upper  surface  of  the  delta,  and  in  the  bottomsets, 
embracing  chiefly  the  finest  silt  (rock  flour  and  clay,  grades  7,  8,  9) 
deposited  in  the  standing  water  beyond  the  outer  margin  of  the  delta 
and  subsequently  covered,  at  least  in  part,  by  the  continued  extension 
of  the  latter,  the  growth  is  principally  in  the  vertical  direction  and  the 
lamination  horizontal ;  while  in  the  foresets,  formed  on  the  growing 
edge  or  frontal  slope  of  the  delta  and  made  up  almost  exclusively  of 
material  of  intermediate  textures  (medium  and  fine  sands,  grades  4, 
5,  6),  the  growth  is  horizontal  and  the  lamination  oblique,  the  laminae 
sloping  downward  in  the  direction  of  growth. 
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The  topsets,  formed  on  a  surface  already  aggraded  nearly  to  the 
base  level,  are,  in  spite  of  their  coarseness,  of  relatively  slight  aggre- 
gate thickness,  and  they  are  likely  to  be  much  thinner  than  the  com- 
bined foresets  and  bottomsets,  this  ratio  varying  directly  as  the  depth 
of  the  basin  in  which  the  delta  is  built.  It  would  perhaps  appear  to 
many  a  natural  if  not  a  necessary  assumption  that  the  bottomsets  also 
should  be  relatively  thin,  the  foresets  appearing  thus  as  the  dominant 
feature  of  the  delta  section.  The  relative  thickness  of  the  bottomsets 
must,  obviously,  tend  to  vary  directly  as  the  proportion  of  silt  in  the 
detritus  delivered  at  the  head  of  the  delta  by  the  tributary  stream,  and 
inversely  as  the  area  of  the  basin  beyond  the  frontal  slope  of  the  delta ; 
and  it  is  clear  that  the  thickness  of  the  bottomsets  should  increase 
from  the  head  of  the  delta  outward  because  of  the  increasing  time  and 
diminishing  area  of  deposition.  Although  these  principles  may  require 
some  modification  as  applied  to  ordinary  deltas,  marine  and  lacustrine, 
they  are  believed  to  be  especially  applicable  to  the  deltas  of  glacial  lakes 
of  limited  area,  largely  because  of  their  relatively  rapid  construction  and 
the  consequent  sharp  delimitation  of  the  component  features. 

The  well-determined  high  proportion  of  silt  (rock  flour  and  clay)  in 
normal  drift,  averaging  more  than  50  per  cent,  of  the  whole,1  suggests 
for  the  limited  basins  of  many  glacial  lakes  an  exceptional  thickness  of 
the  bottomsets,  especially  toward  the  lee  sides  of  the  basins.  The  full 
thickness  of  the  bottomsets  is  rarely  disclosed  in  actual  sections  of 
important  deposits ;  but  even  this  fact  added  to  the  foregoing  consid- 
erations fails  to  suggest  the  great  depth  of  the  bottomsets  indicated 
by  the  numerous  borings  in  the  North  Dike  segment  of  the  plain 
formed  in  true  delta  fashion  during  the  Clinton  stage  of  glacial  Lake 
Nashua. 

The  borings  do  not,  as  a  rule,  reveal  the  attitude  or  dip  of  the 
lamination,  even  when  adjacent  borings  are  closely  compared ;  and 
general  conclusions  as  to  the  relative  thickness  of  foresets  and  bot- 
tomsets must  rest  largely  upon  the  assumption*  that  grades  4  and  5 
belong  especially  to  the  foresets,  and  grades  7  and  8  to  the  bottomsets, 
and  that  grade  6  holds  an  intermediate  position,  marking  the  transition 
from  the  foresets  to  the  bottomsets.  These  assumptions  were  sustained 
by  observation  wherever,  in  the  course  of  the  engineering  operations, 
the  deltas  have  been  sectioned.     The  most  important  opportunity  for 
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direct  observation  of  the  deposits  below  the  surface  was  afforded  tem- 
porarily during  the  construction  of  the  North  Dike  by  the  primary  and 
secondary  cut-off  trenches,  the  former  extending  the  entire  length  of 
the  dike,  as  indicated  by  the  heavy  line  on  the  contour  map  and  on  the 
boring  plans  (Figures  10  and  11),  and  ranging  most  of  the  way  from 
30  to  a  maximum  of  60  feet  in  depth.  Notwithstanding  that  the 
trend  of  the  cut-off  is  at  most  points  transverse  to  the  direction  of 
delta  growth,  the  walls  of  the  great  trench  showed  in  general,  below 
the  coarse  gravel  of  the  horizontal  topsets,  rarely  more  than  10  to  15 
feet  thick,  southward  sloping  layers  of  medium  to  superfine  sand.  One 
of  the  clearest  exhibitions  of  the  foresets  in  their  normal  relations  to 
the  topsets  was  that  shown  in  Figure  17.  Since  the  main  purpose 
of  the  cut-off  is  to  intercept  the  relatively  pervious  topset  and  foreset 
beds,  it  nowhere  penetrates  deeply  the  underlying  and  highly  imper- 
vious bottomset  strata ;  and  hence  these  have  nowhere  been  exposed 
for  more  than  a  small  fraction  of  their  thickness. 

A  careful  comparative  study  of  the  borings,  with  the  aid  of  the 
numerous  north-south  and  east-west  profiles,  makes  it  clear  that  while 
the  general  direction  of  growth  of  the  complex  delta  was  southward,  the 
foresets  thinning  and  the  bottomsets  thickening  in  that  direction,  the 
section  lying  between  Coachlace  Pond  and  the  cemetery  ridges  was 
developed  chiefly  in  an  easterly  direction  toward  and  finally  against 
the  lobe  or  block  of  ice,  the  subsequent  melting  of  which  developed  the 
southern  extension  of  the  basin  of  Coachlace  Pond,  and  which  was  con- 
tinuous southward  with  the  larger  body  of  ice  occupying  and  determin- 
ing the  site  of  Sandy  Pond.  Between  the  Sandy  Pond  ice  block  and 
the  still  larger  but  closely  adjacent  residuary  mass  of  ice  occupying 
the  lower  valley  of  Cunningham  Brook  was  developed  the  narrow  and 
almost  esker-like  ridge  or  isthmus  of  the  delta  plain,  of  which  a  sec- 
tion is  shown  in  Figure  18.  The  anticlinal  structure  which  the  section 
exhibits  is  clearly  due  to  the  slumping  of  the  material  on  the  melting 
of  the  ice. 

To  summarize,  the  north-south  profiles  of  the  westerly  portion  of 
the  North  Dike  plain  reveal  a  normal  delta  structure,  with  the  bottom- 
sets  rising  to  the  southward  and  both  the  bottomsets  and  foresets 
becoming,  on  the  average,  of  finer  texture  in  that  direction.  East  of 
the  cemetery  ridges,  but  heading  against  the  same  ice  contact  on  the 
north,  the  growth  of  the  delta  was  similar,  but  chiefly  easterly  to  a 
lateral  ice  contact  along  the  western  borders  of  Coachlace  and  Sandy 
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Ponds.  East  of  the  ponds  the  development  was  again  normal,  from 
a  head  ice  contact  on  the  north  and  with  a  lateral  ice  contact  on  the 
west.  In  this  case  it  may  be  noted  in  addition  that  the  profiles  cross 
the  head  contact,  and  thus  give  in  that  direction  coarser  material  and 
more  complete  sections  than  for  the  westerly  profiles. 

Perhaps  the  best  view  to  take  of  the  relations  of  Sandy  Pond  to 
the  plain  is  that  its  basin  is  not  only  a  kettle  hole,  but  that  its  north 
shore,  continued  eastward  in  a  slightly  marked  but  very  obvious  foss 
characterized  by  coarse  gravel,  is  a  subordinate  ice  contact  against 
which  was  built  especially  that  part  of  the  plain  lying  south  and  east 
of  the  pond.  This  view  helps  us  to  understand  the  considerable 
thickness  of  coarse  material  underlying  and  blending  with  the  normal 
bottomsets  north  and  northwest  of  the  pond. 

The  low  uniformity  coefficient  and  consequent  high  porosity  of  the 
more  characteristic  material  of  the  foresets  seems  to  find  a  ready  expla- 
nation in  the  obvious  principle,  that,  of  the  material  swept  by  the  dis- 
tributaries of  the  glacial  stream  beyond  the  outer  edge  of  the  delta, 
only  particles  of  a  limited  range  in  size  could  settle  on  any  narrow 
zone  of  the  frontal  or  foreset  slope ;  and  yet  it  is  easy  to  see  that  the 
material  would  tend  to  become  finer  toward  the  bottom  of  the  slope. 
In  the  standing  water  beyond  the  frontal  slope  the  residuum  of  detri- 
tus in  suspension  must  all  settle  eventually,  with  little  or  no  assorting, 
where  the  process  is  continuous,  the  resulting  deposit  becoming  thus 
highly  composite.  The  importance  of  this  principle  in  its  relations  to 
the  storage  and  movement  of  the  ground  water  in  the  sand  plains  of 
the  glaciated  area  is  obvious. 

The  theory  of  the  formation  of  delta  plains  in  glacial  lakes  requires 
that  the  recession  of ^  the  stagnant  margin  of  the  ice  sheet  should  be 
intermittent  or  characterized  by  more  or  less  prolonged  halts  with,  in 
general,  a  rather  rapid  recession  from  one  halting  place  to  the  next. 
The  essentially  stagnant  condition  of  the  ice  margin  is  proved  by  the 
rather  rare  distortion  of  the  delta  deposits  due  to  a  readvance  of  the  ice. 
The  glacial  streams,  superglacial  and  subglacial,  tend  constantly  to  build 
deltas  in  the  standing  water  of  the  lake,  but  the  normal  form  and  struc- 
ture are  fully  realized  only  where  the  ice  margin  recedes  slowly  enough 
to  allow  the  deposit  to  be  built  up  to  the  surface  of  the  water.  In 
other  words,  the  determining  factors  are  rate  of  recession,  rate  of  depo- 
sition, and  depth  of  water ;  and  assuming  deposition  as  constant,  the 
formation  of  a  delta  demands,  in  general,  that  the  rate  of  recession 
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shall  vary  inversely  as  the  depth  of  the  water,  or  at  least  that  the 
rate  shall  be  low  when  the  water  is  deep,  and  practically  zero  for  such 
exceptional  depths  of  water  as  obtained  in  the  North  Dike  area  during 
the  Clinton  stage  of  Lake  Nashua.  In  seeking  an  explanation  of  the 
intermittent  retreat  and  prolonged  halts  of  the  ice  margin,  we  naturally 
recognize  climatic  oscillations  as  probably  an  important  if  not  a  principal 
factor.  I  venture  the  suggestion,  however,  that  we  may  find  a  still 
more  potent  cause  in  the  accumulation  on  marginal  portions  of  the  ice, 
as  now  on  the  peripheral  tracts  of  the  Malaspina  Glacier,  of  englacial 
drift  which  has  become  superglacial  through  ablation.  Such  a  covering 
of  drift  must  retard  the  melting  of  the  ice,  save,  perhaps,  where  the 
contours  of  the  latter  favor  the  occurrence  of  standing  or  stagnant 
water.  The  condition  here  postulated  appears,  also,  very  favorable  to 
the  rapid  building  of  an  extended  delta  against  the  ice  margin,  since 
it  affords  an  abundance  of  material  in  the  most  advantageous  relation, 
especially  if  we  assume  superglacial  streams  as  the  chief  active  agency, 
as  apparently  we  must  with  water  from  ioo  to  nearly  300  feet  deep. 

During  the  recession  of  the  ice  margin  from  the  head  of  one  delta 
to  the  head  of  the  next  delta  of  the  series,  the  detrital  tribute  of  the 
stream  must  be  spread  over  the  intervening  tract  as  an  imperfectly 
assorted  and  stratified  and  more  or  less  tumultuous  deposit  of  prevail- 
ingly coarse  material,  passing  upward  somewhat  abruptly  into  the  fine 
silts  of  the  normal  bottomsets.  Thus  we  find  a  ready  and  adequate 
explanation  of  the  varying  thickness  of  gravel  and  coarse  sand  which 
many  of  the  borings  show  between  the  bottomsets  and  the  bed  rock. 
The  only  wonder  is  that  this  record  of  a  shifting  ice  margin  is  not 
more  continuous.  The  observed  facts  and  the  natural  tendencies  seem, 
however,  to  leave  us  no  alternative  but  to  accept  these  basal  accumu- 
lations as  a  normal  feature  of  glacial  deltas,  a  feature,  too,  which  in 
its  relations  to  the  ground  water  must,  notwithstanding  its  lack  of 
continuity,  be  somewhat  comparable  with  the  foresets. 

Kettles.  —  Associated  with  the  North  Dike  plain  are  two  distinct 
linear  groups  of  kettles,  or  ice-block  depressions.  First,  the  east-west 
series  characterizing  the  main  ice  contact,  or  northern  margin  of  the 
plain.  These  are  mainly  small,  entirely  normal  in  all  their  relations, 
and  demand  no  farther  consideration,  except  to  note  that  they  are 
chiefly  confined  to  the  western  half  of  this  margin,  west  and  south  of 
Coachlace  Pond,  where  the  bed-rock  elevations  are  greatest,  while  across 
the  deep  buried  valley  of  the  Nashua  River  they  are  wanting.     Second, 
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the  approximately  meridional  and  closely  connected  series  dividing  the 
eastern  half  of  the  plain  and  including,  as  the  map  shows,  the  linear 
depression  occupied  by  the  southern  lobe,  or  tongue,  of  Coachlace  Pond, 
and  the  basin  of  Sandy  Pond  with  the  smaller  kettle  ponds  trailing 
away  from  it  in  a  southwesterly  direction. 

The  kettles  of  the  second  series  are,  apart  from  their  great  disparity 
in  size  and  the  abnormal  trend  of  the  group,  of  special  interest,  because 
they  closely  follow  the  buried  gorge  of  the  Nashua,  being  developed  in 
part,  at  least,  over  the  lowest  bed-rock  contours,  and  because  they  are 
floored  by  exceptional  thicknesses  of  modified  drift.  With  the  second 
series,  also,  may  be  correlated  the  large,  isolated  kettles,  elongated  in  a 
north-south  direction,  formerly  existing  in  the  part  of  the  plain  crossed 
by  the  North  Dike,  one  to  the  west  and  one  to  the  east  of  Coachlace 
Pond,  and  one  near  the  eastern  edge  of  the  plain,  along  the  western 
base  of  Moffette  Hill.  These  three  kettles  alone,  besides  the  basin  of 
Coachlace  Pond,  have  been  fully  developed  by  the  borings,  and  are 
crossed  by  the  boring  profiles.  For  these  depressions,  however,  the 
data  are  full  enough  to  encourage  the  hope  that  we  may  be  able  to 
determine  their  structural  relations  to  the  delta  and  the  essential 
conditions  of  their  formation. 

The  north-south  trough  of  Coachlace  Pond  formerly  connecting  the 
main  basin  of  this  pond  on  the  north  with  the  basin  of  Sandy  Pond 
on  the  south,  but  now  mainly  obliterated  by  the  North  Dike,  was 
clearly  neither  an  erosion  trough  nor  a  true  foss,  and  hence  it  must 
be  regarded  as  an  elongated  kettle.  It  is  2,000  feet  long  (see  plan, 
Figure  11,  and  contour  maps),  150  to  600  feet  wide  on  the  water  line 
(elevation  334),  and  50  to  55  feet  deep,  and  the  elevation  of  its  flat 
bottom  varies  only  from  325  to  330  feet.  Figure  19  is  a  good  gen- 
eral view  of  this  depression  in  the  North  Dike  plain,  after  it  had  been 
drained,  looking  in  a  northwesterly  direction  from  the  point  where  the 
great  cut-off  trench  cuts  its  eastern  wall.  The  opposing  slopes  are 
somewhat  dissimilar  ice  contacts.  As  the  photographic  view  (Figure 
19)  shows,  the  eastern  slope  is  simple,  meeting  the  upper  surface  of 
the  delta  and  the  flat  bottom  of  the  pond  in  sharply  defined  angles, 
,  while  the  western  slope  is  more  rounding  and  lobate,  bearing  some 
resemblance  to  a  free  delta  front. 

The  samples  from  the  numerous  borings  in  and  around  this  trough 
show  (see  the  profiles,  Figure  14)  that,  except  toward  the  north  end, 
where  we  approach  the  head  of  the  delta  and  the  main  ice  contact,  its 
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-floor  consists  of  the  normal  bottomset  materials  —  superfine  sand  and 
flour  (grades  6  to  8),  and  that  these  fine  silts  are  essentially  continuous 
downward  to  bed  rock,  1 20  to  1 30  feet  below.  Also,  we  discover  that 
the  top  or  upper  surface  of  this  thick  bed  of  bottomsets  extends  out- 
ward under  the  bordering  plain  at  approximately  the  same  level,  with, 
in  general,  no  indication  of  a  slope  toward  the  great  kettle.  Above  this 
level,  however,  we  find,  as  a  rule,  only  the  normal  foreset  materials, 
chiefly  medium  and  fine  sands  (grades  4  and  5)  overlain  by  a  moderate 
thickness  (5  to  20  feet)  of  coarse  topset  beds  (grades  1  to  3). 

Recognizing  this  trough  as  clearly  due  to  the  melting  of  a  buried 
block  of  ice,  the  main  question  is  as  to  the  depth  or  horizon  of  its 
burial.  The  entire  absence  in  most  of  the  borings  penetrating  the 
floor  of  this  trough  of  foreset  or  topset  beds,  and  the  absence,  also, 
of  any  evidence  that  the  strata  are  depressed  toward  the  axis  of  the 
trough,  tell  strongly  against  a  bed-rock  position ;  and  I  see  no  escape 
from  the  conclusion  that  the  depression  is  due  to  the  melting  of  a 
block  of  clear  ice  at  least  50  feet  thick  which  rested  on  the  impal- 
pable bottomsets  at  about  elevation  325,  while  it  became  enclosed  by 
the  advancing  foresets.  That  the  ice  block  rose  above  the  surface 
of  the  water  and  thus  escaped  complete  burial  seems  to  be  proved  by 
the  general  absence  of  topset  detritus  on  the  floor  of  this  trough. 
The  horizontal  bedding  of  the  enclosing  sediments  was  displayed  with 
beautiful  distinctness  in  the  sides  of  the  cut-off  trench  (Figure   19). 

It  is  probable  that  on  the  melting  of  a  deeply  buried  ice  block  the 
overlying  sediments  may  yield  or  follow  down  by  either  slip  or  flexure, 
although  in  experiments  the  former  result  only  was  obtained.  An  ad- 
justment by  slipping  involves  farther  adjustment  by  slumping  until  the 
normal  kettle  profile  is  developed.  Figure  19  is,  perhaps,  as  little  sug- 
gestive of  slumping  as  of  flexing,  for  certainly  we  do  not  see  at  the 
bottom  of  the  slope  the  volume  of  disorganized  material  that  might  be 
expected  if  the  bank  had  slumped  down  from  approximate  vertically. 
It  is  possible,  however,  that  this  material  has  been  subsequently  leveled 
by  water  on  the  floor  of  the  valley. 

Accepting  the  view  that  this  valley  represents  a  block  of  ice  resting 
on  the  bottomset  sediments  of  Lake  Nashua,  it  becomes  an  interesting 
question  as  to  the  probable  origin  of  the  block.  Resting  on  or  near 
the  bed  rock,  it  would  have  been  easily  explained  as  a  residuary  mass 
of  the  decaying  ice  sheet;  but  with  125  feet  of  impalpable  stratified 
silt  between  it  and  the  bed  rock,  this  view  becomes  wholly  untenable ; 
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and  thus  there  appears  no  escape  from  the  conclusion  that  we  have 
to  do  here  with  a  stranded  block  or  iceberg  rather  than  a  sedentary 
block,  although  it  must  be  regarded  as  rather  remarkable  that  so  long 
a  block  should  be  thin  enough  to  float  in  50  feet  of  water.  A  third 
alternative,  dispensing  with  the  ice  block  altogether,  is  that  this  valley 
represents  the  failure  of  two  distinct  deltas  to  coalesce.  The  rounded 
and  lobate  western  slope  is  much  more  favorable  to  this  explanation 
than  the  straight  and  steep  eastern  slope.  But  for  the  fact  that  this 
trough  terminates  southward  in  the  complete  cul-de-sac  of  Sandy  Pond, 
we  might  state,  as  a  fourth  alternative,  the  later  erosion  of  a  once  con- 
tinuous delta  plain  by  the  glacial  stream.  A  stream  capable  of  making 
such  a  channel  must,  however,  have  an  outlet  southward,  or  if  flowing 
northward,  an  adequate  source.  In  view  of  all  these  considerations,  the 
most  tenable  hypothesis  seems  to  be  that  of  a  stranded  iceberg  with 
continued  growth  of  the  delta  from  the  westward  but  not  from  the 
eastward  after  the  melting  of  the  ice ;  and  such  a  differential  growth 
finds  perhaps  a  sufficient  explanation  in  the  natural  tendency  of  the 
ice  to  melt  most  rapidly  on  the  western  side. 

The  basin  of  Sandy  Pond  (contour  maps  and  Figure  8,  Vol.  XVI, 
p.  252)  is  fully  60  feet  deeper  than  that  of  Coachlace  Pond,  descending 
to  elevation  268 ;  and,  as  the  map  shows,  the  depth  is  far  from  being 
uniform.  Again,  the  inadequate  boring  data  suggest,  if  they  do  not 
fully  prove,  that  it  is  underlain  by  coarse  material;  and  hence  there 
seems  to  be  no  reason  why  it  should  not  be  regarded  as  a  normal  kettle 
determined  by  a  buried,  residuary  mass  of  ice.  The  still  larger  basin  of 
the  lower  valley  of  Cunningham  Brook,  which,  although  not  enclosed 
by  the  plain  on  the  side  toward  the  river,  presents  a  superb  ice-contact 
wall  80  feet  high  on  the  north,  and  is  separated  from  the  basin  of  Sandy 
Pond  only  by  the  narrow  strip  of  the  North  Dike  plain  previously  de- 
scribed (Figure  18),  is  a  clearer  case  of  a  sedentary  core  of  ice,  since 
the  granite  and  schist  bed  rock,  with  overlying  bowlder  clay,  is  actually 
exposed  on  its  floor,  while  the  Sandy  Pond  basin  must  cover,  at  least 
in  part,  the  deep,  preglacial  gorge  of  the  Nashua.  In  other  words, 
these  two  contiguous  basins  so  similar  in  outline  and  area  are  probably 
strongly  contrasted  in  the  depth  of  burial  of  their  respective  ice  cores. 

The  kettle  west  of  Coachlace  Pond,  lying  directly  north  of  the 
cemetery  ridge  and  over  a  bed-rock  valley  tributary  to  the  gorge  of 
the  Nashua  (see  contour  map),  is  1,050  feet  long  and  about  300  feet 
in  maximum  breadth.     It  is  somewhat  composite,  a  major   basin   45 
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feet  deep  being  distinguishable  from  a  minor  basin  on  the  north  25  feet 
deep.  The  elevation  of  the  bottom  at.  the  lowest  point  is  about  340 
feet  or  distinctly  above  the  level  of  the  ground  water,  as  determined 
by  Coachlace  Pond,  334  feet,  and  hence  the  kettle  is  dry.  A  well- 
marked  depression  connects  it  with  the  basin  of  Sandy  Pond.  The 
borings  show  depths  of  underlying  gravel  and  sand  varying  from  62  to 
130  feet,  and  corresponding  bed-rock  elevations  of  235  to  288  feet; 
while  a  detailed  study  of  the  borings,  with  the  aid  of  the  profiles, 
shows  practically  a  complete  absence  of  bottomset  sediments  and  a 
more  or  less  distinct  inward  slope  of  the  foresets  and  topsets.  These 
facts  point  unequivocally  to  a  sedentary  ice  "block  50  feet  or  more  in 
thickness,  and  that  explanation  is  accepted  for  this  case. 

The  large  kettle  in  the  thin  eastern  margin  of  the  plain,  where  it 
meets  the  till  slope  of  Burdette  Hill  (see  contour  map),  was  1,200  feet 
long,  300  to  400  feet  wide,  and  10  to  30  feet  deep,  with  from  10  to 
40  feet  of  gravel  and  coarse  sand  between  the  lowest  points  of  its  trans- 
verse profiles  and  bed  rock.  Every  profile  shows  the  till  of  Burdette 
Hill  thinning  rapidly  as  it  approaches  this  kettle  and  failing  to  cross  its 
axis.  All  the  conditions  suggest  the  origin  of  the  kettle  in  the  partial 
or  complete  burial  and  subsequent  melting  of  an  elongated  block  or 
mass  of  ground  or  floe  ice,  and  not  of  ice  derived  from  the  waning 
ice  sheet.  Since  the  bed-rock  surface  falls  off  toward  the  northern 
end  of  the  kettle  to  elevation  315,  it  appears  improbable  that  the  core 
of  ice  rested  on  bed  rock  throughout,  and  all  the  facts  are  consistent 
with  the  supposition  that  the  ice  rested  on  a  thick  bed  of  gravel  at 
all  points. 

Some  300  feet  east  of  Coachlace  Pond,  on  the  line  of  the  main 
cut-off  of  the  North  Dike,  was  the  rather  large,  ill-defined  and  shallow 
kettle  of  which  Figure  20  affords  a  good  sectional  view.  The  extreme 
depth  was  about  20  feet,  and  the  boring  profiles  show  130  to  145  feet 
of  underlying  delta  sediments,  extending  from  elevation  356  down  to 
bed  rock  at  226  feet,  and  including  from  the  bottom  up  fully  100  feet 
of  normal  bottomsets  (grades  6  to  8).  The  cut-off  section  (Figure  20) 
shows  a  very  regular  and  unbroken  downward  flexure  of  the  enclosing 
strata,  and  the  facts  indicate  very  plainly  the  origin  of  this  kettle  in 
the  burial  and  subsequent  melting  of  a  rather  large  but  relatively  thin 
and  thin-edged  block  of  ice  resting,  as  in  the  case  of  the  Coachlace 
Pond  block,  on  the  upper  surface  of  the  bottomsets.  How  such  a 
stranded  block  should  fail  to  rise  above  the  surface  of  the  water  in 
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which  it  grounded  is  an  interesting  question.  Among  the  answers 
that  suggest  themselves  are  ground  ice  formed  during  the  long  and 
severe  glacial  winter,  and  a  stranded  lens  of  ice  which  was  by  ablation 
reduced  in  thickness  more  rapidly  than  in  area. 

Between  the  last  described  kettle  and  Coachlace  Pond  the  cut-off 
trench  revealed  in  section  the  miniature  buried  kettle  shown  in  Fig- 
ure 21,  and  of  which  there  was  no  indication  in  the  surface  features 


FlC.  21.— A  Small,  Buried  Kettle,  Former  in  the  Foresetsand  Covered  by  the 

topsets  of  the  nokth  dlke  plain,  east  op  coachlace  pond,  as  exposed 

in  the  North  Wall  of  the  Cutoff  Trench. 

of  the  plain.  This  is  so  clear  a  record  of  the  contemporaneous  burial 
and  melting  of  a  stranded  ice  block  and  obliteration  of  the  resulting 
depression  by  continued  sedimentation  as  to  leave  no  room  for  argu- 
ment. The  finely  laminated  bottomsets  and  the  coarse  topsets  are 
alike  undisturbed,  and  it  is  plain  that  an  ice  block  stranded  on  the 
former  was  overwhelmed  by  the  foresets,  which,  although  apparently 
horizontal,  really  slope  downward  toward  the  section,  and  then  melted 
before  the  deposition  of  the  coarse  topset  beds. 
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Summarizing  this  discussion,  it  is  seen  that  the  kettles  of  the  North 
Dike  plain  are  probably  as  diverse  in  origin  as  in  form,  and,  conversely, ' 
it  is  interesting  to  note  that  pretty  much  all  known  or  suggested  con- 
ditions of  kettle  formation  were  realized  almost  simultaneously  in  this 
limited  area. 

Relations  of  the  Water  Table.  —  The  North  Dike  plain  is  so  com- 
pletely interrupted  by  the  cemetery  ridges  as  to  destroy  the  continuity 
of  the  water  table,  and  in  no  respect  is  the  contrast  of  the  easterly  and 
westerly  portions  of  the  plain  more  marked  than  in  their  relations  to 
the  level  of  the  ground  water.  For  the  easterly  portion  this  level  is, 
of  course,  determined  by  the  ponds,  and  it  is  interesting  to  note  that 
before  the  conditions  were  disturbed  by  the  construction  of  the  North 
Dike  the  minor  isolated  kettle  ponds  were  in  substantial  agreement  as 
to  water  level  with  the  Sandy-Coachlace  basin.  Above  this  level  (about 
334  feet)  this  part  of  the  plain  consists  chiefly,  and  at  most  points 
wholly,  of  the  foreset  and  topset  beds,  and  the  former  especially  are, 
in  general,  so  highly  pervious  as  to  be  without  appreciable  influence, 
upon  the  water  table,  which  is  continued  through  them  for  long  dis- 
tances without  sensible  gradient  or  change  of  level.  Where,  however, 
the  bottomsets,  or  sediments  of  finer  textures  and  higher  uniformity 
coefficients  than  grades  5  or  6,  rise  above  the  pond  level,  the  water 
table  promptly  rises,  attaining  a  maximum  elevation  of  at  least  365  feet, 
and  a  maximum  gradient  of  5  to  6  per  cent.  We  must  assume  cross 
bedding  of  the  foresets  with  alternating  more  and  less  pervious,  sloping 
layers  as  a  general  fact,  and  observation  shows  that  in  spite  of  this  the 
water  table  is  a  nearly  level  plane  wherever  it  cuts  this  middle  zone  of 
the  delta. 

West  of  the  cemetery  ridges,  where  the  North  Dike  plain  has  its 
most  continuous  and  perfect  development,  the  relations  of  the  water 
table  are  distinctly  different.  Its  normal  level  seems  to  be  365  to 
370  feet,  with  an  extreme  range  of  360  to  375  feet,  and  averaging 
30  feet  higher  than  the  level  of  the  ponds  to  the  north  and  east. 
Although  highest  to  the  north  and  tending  to  sink  with  the  plain  to 
the  south,  the  level  is,  in  the  main,  remarkably  uniform  and  parallel 
with  the  surface  at  depths  of  10  to  20  feet.  The  ground  water  is 
virtually  impounded  by  high  land  to  the  west,  the  cemetery  ridges  to 
the  east,  high  bed  rock  to  the  north,  and  the  rising  and  impervious 
bottomsets  to  the  south.  The  latter  barrier,  especially,  prevents  the 
water  from  escaping  freely  through  the  valley  of  Cunningham  Brook 
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to  the  Nashua  River.  The  impounded  or  almost  lake-like  condition  of 
the  ground  water  affords  but  little  opportunity  to  note  the  influence 
of  the  varying  sediments  upon  the  water  level,  especially  since  it  is  at 
nearly  all  points  held  well  above  the  bottomset  beds. 

Lost  Water.  —  We  have  noted  that  in  porous  and  absorbent  strata, 
especially  above  the  level  of  the  ground  water,  the  water  escaping  from 
the  drill  may  be  partially  or  wholly  absorbed  and  thus  fail  to  return 
to  the  surface.  This  phenomenon,  as  we  should  expect,  is  well-nigh 
universal  in  the  coarse  and  pervious  topset  and  foreset  beds  above  the 
level  of  the  ground  water.  But  it  also  often  recurs  at  various  depths 
down,  perhaps  to  the  bottoms  of  the  deepest  borings,  and  it  is  un- 
doubtedly the  most  serious  difficulty  with  which  the  drillmen  have  to 
contend,  and  frequently  necessitates  driving  the  casing  in  advance  of 
the  drill. 

Below  the  water  level  the  loss  of  water  may  be  attributed,  in  many 
cases,  to  the  simple  difference  of  head,  the  water  standing  at  a  higher 
level  in  the  drill  or  casing  than  in  the  ground,  and  thus  tending  to 
escape  into  the  latter.  But,  as  the  boring  profiles  clearly  show,  the 
deeper  strata  in  which  the  water  runs  away  are  usually  interstratified 
with  relatively  or  practically  impervious  beds  of  superfine  sand  and 
quartz  flour,  often  of  considerable  thickness.  We  may  usually  suppose 
that  the  water  escaping  into  such  intercalated  beds,  however  great  the 
depth,  simply  causes  an  equivalent  amount  to  overflow  on  the  water 
table  at  the  point,  however  remote,  where  the  bed  in  question  is  inter- 
sected by  that  surface.  In  many  cases,  however,  the  avidity  and  com- 
pleteness with  which  the  water  is  absorbed  suggest  what  may  be  called 
thirsty  beds,  that  is,  pervious  strata  enclosed  by  impervious  material  to 
such  an  extent  as  actually  or  virtually  to  isolate  them  from  the  free- 
moving  ground  water  above,  while  in  their  downward  extension  they 
may  connect  with  some  body  of  coarse  gravel,  possibly  pertaining  to 
an  earlier  ice  margin,  having  more  or  less  free  drainage  at  a  lower  level, 
and  thus  tending  to  deplete  or  exhaust  the  water  of  tributary  beds. 
This  hypothesis  has  been  found  requisite  to  explain  some  of  the  hard- 
packed  sands  encountered  in  the  North  Dike  borings  ; l  and  as  an  expla- 
nation of  the  "lost  water,"  it  possesses  the  great  advantage  of  not 
requiring  the  prompt  movement  of  a  long  column  of  water  through 
material  in  which  the  friction,  added  to  the  inertia  of  the  water,  would 


1  Technology  Quarterly,  15,  260-264. 
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tend,  by  loss  of  head,  to  minimize  the  result.  In  other  words,  the 
thirsty  sand  is  right  at  hand,  and  not  at  some  remote  point  perhaps 
scores  or  hundreds  of  feet  above  the  point  of  escape  of  the  water. 
This  explanation  really  postulates  a  localized  water  table,  limited  to  a 
single  stratum,  and  far  below  the  normal  level  of  the  ground  water  ; 
but  that  these  conditions  actually  obtain  we  seem  to  have  independent 
evidence  in  the  "brown"  or  iron-stained  sands  to  be  described  later ,. 
as  well  as  in  the  hard-packed  sands.  The  explanation  might  appear 
to  accord  best  with  the  general  fact  that  after  a  time  the  lost  water 
returns ;  that  is,  ceases  to  run  away.  But  for  this  phenomenon  we 
have,  perhaps,  a  simpler  explanation  in  the  natural  tendency  of  the 
escaping  water  to  close  the  interstices  of  the  sand  and  thus  prevent 
its  own  escape.  Again,  this  explanation  is  in  harmony  with  the  fact 
that  loss  of  water  is  unusual  below  the  general  drainage  level  of  the 
Nashua  Valley  north  of  Clinton  (elevation  200  to  250) ;  and  the  appar- 
ent exceptions  may,  perhaps,  best  be  explained  as  due  to  the  continued 
escape  of  the  water  through  some  higher  pervious  stratum  where  the 
drill  has  gone  below  the  casing,  or  even  where  it  has  not,  since  the 
water  sometimes  manifests  a  strong  tendency  to  work  its  way  up 
outside  the  casing. 

It  appears,  then,  that  "lost  water"  may  require,  in  different  cases,, 
three  explanations :  First,  direct  absorption  by  porous  materials  above 
the  normal  water  table.  This  cause  is  nearly  universal,  though  not 
always  leading  to  a  total  loss,  and  it  often  operates  more  or  less  con- 
tinuously from  the  surface  of  the  ground  to  the  level  of  the  ground 
water.  Second,  indirect  absorption  by  porous  materials  above  the 
normal  water  table,  through  the  medium  of  intercalated  porous  strata. 
Third,  absorption  by  intercalated  porous  strata  above  a  local  low  level 
of  the  ground  water,  determined  by  a  relatively  free  drainage  connection 
with  a  lower  part  of  the  valley. 

Springs.  —  A  common  incident  of  the  borings  along  the  southern, 
margin  of  the  North  Dike  plain,  especially  in  the  westerly  portion,, 
where  the  development  is  more  continuous  and  normal,  and  after  the 
drill  has  penetrated  the  relatively  impervious  bottomsets,  is  a  more  or 
less  vigorous  artesian  flow,  the  ground  water  rising  from  a  foot  or  two 
to  10  or  15  feet  above  the  surface.  This  phenomenon  is  known  by  the 
drillmen  asa"  spring."  The  artesian  flow  attains  its  maximum  height 
above  the  surface  when  the  boring  is  located  in  a  kettle  or  other  depres- 
sion, and  it  never  rises  above  the  level  of  the  head  or  northern  edge 
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of  the  plain.  This  flow  is  entirely  independent  of  the  head  of  water 
used  in  operating  the  drill.  It  usually  subsides,  partially  or  completely, 
spontaneously  within  a  few  minutes,  although  it  may  continue  unabated 
until  the  water-bearing  stratum  has  been  cut  off  by  the  casing.  As  the 
profiles  show,  this  phenomenon  may  be  repeated  once  or  many  times  in 
the  course  of  a  deep  boring.  That  the  spring  is  a  true  artesian  flow 
is  unquestionable,  for  it  is  never  observed  while  the  drill  is  above  the 
normal  water  table,  and  only  when  the  boring  intersects  pervious  strata 
intercalated  in  impervious  sediments,  the  pervious  strata  being  supposed 
to  be,  and  in  many  cases  proved  to  be,  continuous  to  the  surface. 

As  indicated,  the  relations  of  the  springs  to  the  structure  of  the 
North  Dike  delta  are  most  fully  and  clearly  exhibited  in  the  westerly 
portion,  the  north-south  profiles  of  which  show  (Figure  12)  that  the 
springs  are  strictly  limited  to  the  southern  part  of  the  plain ;  that  they 
occur  only  in  a  thick  and  continuous  series  of  bottomset  strata;  and 
that  the  elevations  at  which  they  occur  increase  to  the  southward  with 
increasing  elevation  and  depth  of  the  bottomsets.  In  spite  of  their 
generally  fine  and  impervious  character,  we  must  suppose  that  the  bot- 
tomsets include  some  relatively  pervious  beds,  which  are,  naturally,  con- 
tinuous upward  and  northward  with  still  more  pervious  foreset  beds. 
Southward  these  beds  must  become  gradually  finer  and  less  pervious 
and  die  out  as  artesian  horizons,  and  thus  we  find  that  the  lower  as 
well  as  the  upper  limits  of  the  springs  tend  to  rise  to  the  southward. 

Lost  water  and  springs  are  terms  denoting  phenomena  of  distinctly 
opposite  character,  and  for  their  interpretation  we  have  in  part  assumed 
corresponding  structural  conditions,  namely,  limited  pervious  beds  with 
free  drainage  in  the  case  of  lost  water,  and  without  free  drainage  in 
the  case  of  springs.  That  these  conditions  actually  exist  may  not  be 
questioned,  since  they  accord  perfectly  with  the  natural  probabilities 
of  the  case,  and  since  the  two  phenomena  rarely  concur  even  approxi- 
mately, the  springs  occurring  normally  at  lower  levels  in  any  given 
boring  than  loss  of  water,  although  the  latter  may  now  and  then  recur 
below  the  lowest  spring,  especially  with  borings  of  only  moderate  depth. 

Even  in  borings  in  Coachlace  Pond,  water  was  frequently  lost  at 
depths  of  25  to  100  feet,  although  the  head  of  the  water  in  the  drill 
above  the  ground  water  in  the  bordering  plain  must  be  little  or  nothing. 
This  seems  to  prove  quite  conclusively  that  the  water  is  absorbed  by 
thirsty  or  exhausted  strata,  and  does  not  rise  in  saturated  strata  to 
overflow  on  the  water  table. 
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Ferruginous  or  Brown  Materials.  —  In  explaining  the  phenomena  of 
lost  water,  especially  at  levels  below  the  water  table,  we  have  assumed 
such  a  deep  circulation  of  the  ground  water  as  would  lead,  at  least 
periodically  or  during  dry  seasons,  to  the  partial  exhaustion  of  the  water 
in  certain  more  or  less  limited  beds  of  sand  and  gravel  intercalated  with 
relatively  impervious  materials ;  and  it  was  noted  that  the  validity  of 
that  explanation  is  attested  by  other  features  of  the  deposits,  including 
the  brown  and  the  hard-packed  beds.  The  boring  notes  and  samples 
proved  the  occurrence  in  the  delta  deposits,  at  varying  depths  and  often 
far  below  the  water  table,  of  limited  beds  or  streaks  of  iron-stained  sand 
and  gravel.  The  yellow  to  brown  ferric  hydrate,  to  which  these  mate- 
rials owe  their  color  and  character,  coats  the  grains  and  pebbles,  and 
in  some  cases  more  or  less  completely  fills  the  interstices  of  the  sands 
and  gravels.  It  is  clearly  a  secondary  feature,  and  the  recency  of  its 
deposition  is  indicated  by  the  strong  ochery  color  which  it  imparts  to 
the  water.  These  ferruginous  sands  and  gravels  are  clearly  indistin- 
guishable from  the  iron-stained  and  often  more  or  less  cemented  mate- 
rials frequently  to  be  observed  in  superficial  excavations,  especially 
where  closely  underlain  by  an  impervious  stratum  or  floor  of  clay, 
bowlder  clay,  or  bed  rock.  That  they  mark  the  courses  of  an  inter- 
mittent subterranean  drainage  we  cannot  doubt.  In  its  downward  pas- 
sage through  surface  mold  and  muck  into  the  subsoil  the  ground  water 
inevitably  comes  to  hold  in  solution  more  or  less  ferrous  carbonate,  and 
when  during  the  dry  season  the  ground  water  largely  drains  away  from 
these  specially  pervious  strata  and  the  diminished  influx  is,  by  virtue 
<of  its  smaller  volume,  more  highly  charged  with  the  iron  salt,  the  latter 
5s  decomposed  by  the  oxidizing  action  of  the  air,  which  must,  of  course, 
(Closely  follow  the  water  in  its  retreat,  and  the  iron  is  deposited  as  the 
insoluble  hydrate.  The  repetition  of  this  process  season  after  season 
;leads  eventually  to  the  clogging  of  the  stratum,  and  the  slow  dehydra- 
tion and  setting  of  the  ferric  hydrate  to  its  cementation,  and  thus  are 
developed  the  thin  layers  of  ferruginous  sandstone  and  conglomerate 
xwhich  the  drillmen  call  hard  pans. 

In  its  general  distribution  and  occurrence  this  phenomenon  observes 
'the  same  law  as  the  lost  water,  that  is,  it  is  limited  to  relatively  porous 
materials,  occurs  above  the  main  water  table,  and  also  far  below  it,  and 
its  lower  limit  is  approximately  that  of  the  lowest  free  drainage  level 
of  the  region  —  the  Nashua  valley  north  of  Clinton.  This  correlation 
is  clearly  not  inconsistent  with  the  fact  that  the  water  is  often  lost  in 
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strata  which  are  not  distinctly  ferruginous ;  for  this  character  is  rarely 
observed  in  thick  beds,  but  belongs  rather,  as  indicated  by  both  obser- 
vation and  theory,  to  relatively  thin  beds  or  to  the  basal  portions  only 
of  thicker  strata.  In  many  cases  the  ferruginous  layers  were  so  thin 
that  they  failed  of  representation  in  the  boring  sample,  and  there  is 
good  reason  to  believe  that  in  many  cases  the  drillmen  failed  to  note 
their  occurrence.  But  in  spite  of  the  fragmentary  character  of  the 
evidence,  the  boring  profiles  clearly  indicate  the  continuity  of  the  fer- 
ruginous horizons  from  boring  to  boring  as  the  normal  fact.  Since, 
however,  the  ferric  hydrate  is  a  secondary  feature  of  the  sediments, 
being  still  probably  in  process  of  formation,  it  is  extremely  unlikely 
that  its  development  is  uniform  and  continuous  in  any  stratum,  and 
certainly  not  in  all.  In  other  words,  to  the  extent  that  the  circula- 
tion of  the  ground  water  is  localized  or  confined  to  more  or  less  defi* 
nite  channels,  the  ferruginous  sands  and  gravels  must  be  patchy  or 
lacking  in  continuity,  and  the  frequent  lack  of  agreement  in  this 
respect  of  adjacent  borings  is,  therefore,  entirely  normal.  Ferruginous 
sands  and  gravels,  like  loss  of  water,  may  occur  at  different  depths  in 
the  same  boring,  showing  that  the  phenomenon  is  not  best  explained 
by  a  simple  vertical  movement  or  percolation  of  the  ground  water,  but 
demands  a  localized  circulation  in  the  bedding  planes. 

A  comparative  study  of  twenty-eight  brown  samples  from  five 
borings  in  the  easterly  portion  of  the  North  Dike  plain  shows  a  range 
in  elevation  from  202  to  355  feet,  the  average  elevation  being  295  feet 
and  the  normal  elevation  of  the  water  table  334  feet.  Although  the 
brown  material  is,  in  several  instances,  a  surface  deposit,  the  depth 
of  its  lower  surface  below  the  top  of  the  ground  ranges  from  13  to 
183  feet,  with  an  average  of  71  feet,  the  maximum  depth  correspond- 
ing to  the  maximum  elevation  of  the  delta  plain.  The  brown  layers 
range  in  thickness  from  2  to  55  feet,  with  an  average  of  14.5  feet. 
The  majority,  however,  are  under  10  feet ;  and  it  is  altogether  probable 
that  the  exceptionally  thick  beds  at  least  are  composite,  embracing 
several  or  many  ferruginous  bands.  The  brown  material  is  normally, 
or  before  it  becomes  clogged  with  iron  oxide,  of  a  coarse  and  highly 
pervious  character,  chiefly  grades  2  to  6 ;  and  it  goes  without  saying  that 
it  belongs,  in  the  main,  to  the  topset  and  foreset  zones,  rather  seldom 
extending  to  the  coarse  beds  intercalated  in  the  bottomsets,  since  the 
latter  are  not  usually  free  draining,  tending  to  become  more  impervious 
downward  or  away  from  their  connection  with  the  overlying  zones. 
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Of  special  significance  and  interest  in  this  connection  is  the  fact- 
that,  practically  without  exception,  the  enclosing  strata  are  of  a  rela-- 
tively  fineand  impervious  character,  confining  and  controlling  the  move- 
ment of  the  ground  water  in  the  coarser  beds,  and  this  relation  holds, 
almost  absolutely  for  the  underlying  stratum.  Brown  material  was. 
encountered  in  several  borings  in  Coachlace  Pond,  and  in  two  instances, 
the  material  is  essentially  superficial,  with  maximum  depths  of  1 5  and. 
16  feet.  It  is  clear  that  these  must  antedate  the  building  of  the  dam 
of  the  Bigelow  Carpet  Mills,  to  which  this  part  of  Coachlace  Pond  owes, 
its  existence. 

As  we  might  expect  from  the  impounded  and  virtually  stagnant 
condition  of  the  ground  water  in  the  westerly  portion  of  the  North 
Dike  plain,  the  ferruginous  sands  are  more  shallow  and  more  restricted 
in  their  vertical  range.  The  extremes  of  elevation  are  285  and  375, 
with  an  average  of  344  feet.  The  beds  are  even  thinner  than  in  the 
eastern  group,  but  otherwise  are  subject  to  the  same  generalizations. 
In  one  instance  the  same  5-foot  brown  bed  is  traceable  in  a  north-south 
direction  through  successive  borings  for  400  feet,  descending  in  that 
distance  from  elevation  360  to  335,  or  25  feet,  with  a  concomitant 
increase  in  the  fineness  of  the  material  from  grade  5  to  grade  6. 

That  the  ferruginous  horizons  noted  by  the  drillmen  and  represented 
by  the  samples  are  but  a  small  fraction  of  the  total  number  is  distinctly 
indicated  by  the  fact  that  in  the  few  borings  the  sampling  of  which  was. 
closely  supervised,  we  have  proof  of  several  or  many  successive  sheets 
of  ochre-impregnated  sand  and  gravel,  with  a  vertical  sequence  which 
could  not  be  explained  by  a  direct  vertical  penetration  of  the  ground 
water,  but  demands  an  intermittent  circulation  along  the  bedding  planes. 

Buff  or  Oxidized  Drift.  —  Besides  the  highly  ferruginous  yellow 
and  brown  materials,  due  to  the  impregnation  of  relatively  thin  inter- 
calated or  basal  layers  of  porous  sand  and  gravel  by  ferric  hydrate 
through  the  agency  of  an  intermittent  flow  of  water,  and  the  peroxi- 
dation during  the  dry  season  of  the  iron  contained,  chiefly  as  carbon- 
ate, in  the  residuum  of  the  ground  water,  we  must  take  account  of  the 
general  contrast  in  color  between  the  normal  gray  or  bluish  gray  of 
the  entirely  unoxidized  drift  and  the  more  or  less  distinct  buff  tint 
developed  by  oxidation  in  the  main  body  of  the  drift  above  the  water 
table,  and,  more  generally,  above  the  lowest  limit  to  which  the  ground 
water  may  recede  during  periods  of  drought.  While  the  buff  tint  is, 
doubtless,  due  in  part  to  the  peroxidation  of  the  ferrous  iron  originally 
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contained  in  the  sediments  of  the  glacial  lake,,  we  may,  perhaps,  fairly 
assume  that  it  is,  in  the  main,  but  a  thinner  impregnation,  due  to  the 
less  ready  and  complete  oxidation  of  ferrous  carbonate  introduced  by 
the  ground  water  and  held  by  capillary  attraction  in  a  permanent  and 
even  dissemination,  instead  of  becoming  concentrated  by  a  gravitative 
flow. 

The  absence  of  the  buff  or  oxidation  tint  above  the  normal  water 
table,  or  above  the  lowest  limit  of  oxidation,  is,  of  course,  a  reliable  indi- 
cation that  the  material  is  not  readily  permeable,  and  on  this  account 
the  distribution  of  the  blue  or  unoxidized  material  was  carefully  noted 
in  all  the  borings  and  on  the  boring  profiles.  Generally  speaking  it  is 
limited  to  grades  finer  than  6,  and  it  is  rather  rarely  wanting  in  grades 
finer  than  7,  being  especially  characteristic  of  the  great  thickness  of 
grade  8  making  up  the  bulk  of  the  bottomsets.  These  generalizations 
hold  almost  regardless  of  the  depth,  grade  8  not  being  extensively 
oxidized,  even  above  the  water  level,  while  grade  6  and  coarser  grades 
have  rarely  escaped  oxidation,  even  at  the  greatest  depths  reached  by 
the  borings. 

The  facts  are  essentially  the  same  for  the  westerly  as  for  the 
easterly  portion  of  the  North  Dike  plain,  although  the  conditions,  at 
least  as  regards  the  structure  of  the  deposits,  are,  for  the  former,  spe- 
cially unfavorable  to  a  general  or  deep  movement  of  the  ground  water. 
In  fact,  for  corresponding  materials  and  depths  the  oxidation  is,  if  any- 
thing, more  general  than  in  the  easterly  portion  of  the  plain ;  and  this 
may,  perhaps,  be  attributed  to  the  fact  that  the  rising  of  the  bed  rock 
to  the  northward  virtually  forces  the  proximal  or  head  ends  of  all  the 
strata  into  the  region  of  or  above  the  water  table. 

These  facts  indicate  a  general  circulation  of  the  ground  water  which 
is  not  definitely  limited  downward  by  the  water  table,  and  which,  be  it 
never  so  slow  and  feeble,  carries  with  it  the  oxidizing  influence  of  the 
atmosphere  in  the  form  of  dissolved  oxygen,  for  we  cannot  readily  con- 
ceive the  water  as  actually  draining  out  of  these  sediments  below  the 
general  drainage  level  of  the  valley,  and  certainly  not  below  the  level 
of  200  feet  above  tide.  That  the  circulation  is,  as  usual,  horizontal, 
or  with  the  bedding,  is  proved  by  the  common  occurrence  of  oxidized 
sands  of  various  grades  below  considerable  and  continuous  thicknesses 
of  unoxidized  quartz  flour. 

Hard-packed  Sand  and  Gravel.  —  This  topic  has  already  been 
referred  to  as  closely  related  to  the  phenomena  of  lost  water  and  fer- 
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ruginous  sand  and  gravel,  and  since  the  data  afforded  by  the  North 
Dike  borings  have  been  discussed  in  a  previous  paper,1  an  outline  of 
the  facts  and  the  conclusions  which  they  suggest  will  suffice  here. 

By  the  term  "hard-packed"  the  drillmen  mean  that  the  drill  pene- 
trated the  material  slowly  and  with  difficulty.  Usually  only  one  hard- 
packed  layer  was  reported  in  each  boring,  but  in  a  few  instances  ,as 
many  as  three  or  four.  The  hard-packed  samples,  although  prevailingly 
coarse,  vary  in  grade  from  coarse  gravel  to  quartz  flour,  and  a  classi- 
fication of  eighty-seven  samples  resulted  as  follows :  gravel,  thirty-two ; 
coarse  and  medium  sand,  thirty-two ;  fine  sand,  fourteen ;  superfine  sand 
and  rock  flour,  nine. 

In  three  instances  only  is  the  surface  layer  described  as  hard-packed, 
and,  generally  speaking,  the  hard-packed  material  is  found  only  well 
below  the  local  water  level  and  yet  above  the  level  of  the  Nashua  River 
below  Clinton,  the  practical  limits  of  the  vertical  range  being  330  and 
240  feet  above  the  sea,  while  the  level  of  the  river  in  the  lower  part 
of  Clinton  is  250  feet,  and  in  Lancaster,  two  miles  to  the  northward, 
237  feet. 

The  hard-packed  gravel  and  coarse  sand  are  composed  in  large  part 
of  flat  or  scaly  fragments  of  schist,  mica,  etc.,  which  must  have  been 
deposited  by  the  water  in  approximately  parallel  horizontal  planes. 
This  position,  of  course,  offers  the  greatest  resistance  to  the  disturb- 
ance of  the  deposit  by  a  force  acting  in  the  vertical  direction,  although 
it  does  not  necessarily  tend  to  prevent  water  from  flowing  through  the 
formation  freely  in  a  horizontal  direction.  Practically,  all  the  hard- 
packed  samples  above  the  level  of  the  ground  water  and  nearly  all 
those  below  the  level  of  the  Nashua  River  belong  to  the  coarse  and 
scaly  grades. 

This  explanation  is  inapplicable  to  the  finer  hard-packed  samples, 
since  they  consist  almost  exclusively  of  quartz  in  angular  and  sub- 
angular  grains,  and  it  appears  that  with  these  finer  grades  of  material 
especially  the  "  hard-packed "  condition  depends  chiefly  upon  the  pro- 
portion of  water  which  the  material  contains.  To  determine  this  point 
a  series  of  experiments  was  made,  from  the  results  of  which  it  is  fair 
to  conclude  that  the  hard-packed  condition  is  indicative  of  a  high 
degree  of  porosity,  or  at  least  of  a  free  movement  of  water  through 
the  deposit,  and  that  either  the  material  is  scaly  in  form  or  it  contains 


1  Technology  Quarterly,  15,  260-264. 
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insufficient  water  to  fill  the  pores,  or  these  conditions  co-exist.  Accord- 
ing to  this  explanation,  the  water  supplied  by  the  drill  must  tend  to 
escape  into  the  ground  in  hard-packed  layers,  and  this  has  been  com- 
monly observed ;  but  the  real  test  of  hard-packed  sand  or  gravel  is 
the  fact  that  it  resists  the  free  impact  of  the  drill,  be  the  loss  of 
water  great  or  small. 

A  fact  of  special  interest  in  connection  with  this  topic  is  presented  in 
the  truly  remarkable  power  of  the  finer  silts,  and  especially  the  quartz 
flour,  to  maintain  an  open  hole  with  a  strong  stream  of  water  running 
upward  through  it,  when  the  drill  is  50  to  150  feet  below  the  casing. 
The  material  itself  in  such  cases  is  mainly  unoxidized  and  entirely 
uncemented,  and,  under  normal  conditions,  quite  incapable  of  offering 
effective  resistance  to  stream  erosion.  The  best  explanation  of  this 
phenomenon  appears  to  be  that  the  sand  or  flour  is  in  a  partially 
drained  or  semi-saturated  condition,  which  makes  it  somewhat  absorb- 
ent, and  the  tendency  of  the  water  to  escape  into  the  sand  creates  an 
outward  pressure  which  holds  the  grains  in  place.  Also,  the  condition 
of  semi-saturation  insures  for  the  interstitial  water  the  maximum  devel- 
opment of  surface  tension,  thus  giving  the  water  its  greatest  efficiency 
as  a  cement.  Two  principles  thus  cooperate  to  secure  the  stability  of 
the  drill  hole :  first,  the  surface  tension  of  interstitial  water,  giving  the 
deposit  as  a  whole  its  firm  and  semi-solid  character;  and  second,  the 
outward  pressure  of  the  water  on  the  surface  of  the  semi-saturated 
but  nearly  impervious  silt,  which,  under  the  condition  of  complete 
saturation  or  equalized  pressure,  would  behave  almost  like  quicksand. 

Not  infrequently  the  uncased  holes  have  remained  unclosed  by 
caving  during  one  to  several  days,  and  it  may  be  noted  that,  during 
the  operation  of  the  drill  in  a  hole,  enlargement  due  to  the  erosive 
action  of  the  outflowing  stream  of  water  must  reduce  the  velocity  of 
the  stream  and  thus  check  its  own  ravages ;  but,  on  the  other  hand, 
with  every  increase  in  the  size  or  radius  of  a  hole,  its  arch  becomes 
less  and  less  self-sustaining. 

With  a  view  to  determining  the  actual  average  diameter  of  borings 
made  under  these  conditions,  and  also  in  some  cases  the  distribution 
of  the  erosive  action  of  the  water,  or  its  relative  efficiency  in  materials 
of  different  character,  the  drill  was  allowed,  in  some  cases,  to  discharge 
into  a  tank,  from  which  the  water  was  subsequently  drained  off  and 
the  accumulated  silt  measured.  The  dimensions  of  the  tank  were 
8  by  10  feet,  with  the  outlet   18  inches  above  the  bottom,  and  it  was 
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•divided  by  vertical  partial  partitions  in  such  a  way  as  to  give  virtually 
a  continuous  channel  24  inches  wide,  1 8  inches  deep,  and  40  feet  long. 
The  overflow  from  the  tank  was  invariably  free  from  marked  turbidity. 
The  volume  of  the  silt  divided  by  the  corresponding  depth  of  the  boring 
afforded  at  once  the  average  section  and  diameter  of  the  latter.  Thus 
in  a  boring  reaching  a  total  depth  of  221.8  feet  the  casing  was  driven 
only  to  83  feet,  mainly  through  oxidized  or  buff  material  of  grade  7, 
and  below  this  the  material  was  chiefly  unoxidized  or  blue  of  grades 
7  to  8.  The  material  caught  in  the  tank  indicated  for  the  83  feet  pro- 
tected by  the  casing  an  average  diameter  of  5  inches,  or  nearly  double 
the  diameter  of  the  casing,  while  for  the  unprotected  lower  part  of  the 
boring  the  average  diameter  was  only  4  inches.  In  a  second  hole,  with 
a  total  depth  of  247  feet,  the  casing  was  driven  to  the  bottom.  The 
bottom  of  the  oxidized  zone  was  reached  at  97  feet,  and  the  contents 
of  the  tank  indicated  for  this  depth  a  hole  3.55  inches  in  average  diame- 
ter, and  for  the  remaining  150  feet  in  the  blue  bottomsets  an  average 
diameter  of  only  3.03  inches.  In  a  third  boring,  166  feet  deep,  the 
casing  was  driven  to  59  feet,  with  an  amount  of  material  sufficient  to 
account  only  for  a  hole  2.5  inches  in  diameter,  and  since  the  diameter 
of  the  casing  is  2.75  inches  we  have  indicated  a  lateral  displacement 
of  material  equal  to  10.15  linear  feet,  or  17.2  per  cent,  of  the  boring. 
Below  the  casing  the  average  diameter  was  2.6  inches,  corresponding 
to  a  displacement  of  10.5  per  cent.  Finally,  in  a  boring  197  feet  deep 
the  casing  was  driven  to  the  bottom,  and  the  average  diameter  for  the 
entire  depth  found  to  be  2.75  inches,  or  just  that  required  by  the  casing. 
It  appears  from  these  representative  examples  that,  while  the  results 
are  somewhat  variable  as  regards  the  actual  extent  of  erosion  accom- 
plished by  the  water  from  the  drill,  the  erosion  is  likely  to  be  less  in 
the  unoxidized  and  relatively  impervious  bottomsets  than  in  the  oxidized 
and  relatively  pervious  foresets,  even  when  the  former  are  unprotected 
by  the  casing,  and  that  in  some  instances  where  the  drill  has  been  run 
below  the  casing  the  hole  does  not  exceed  the  minimum  size  required 
by  the  drill  and  its  excurrent  stream. 

Mechanical  Analyses  and  Filtration  Tests. 

The  laboratory  examination  of  the  samples  from  the  North  Dike 
borings  was  confined  to  the  special  or  complete  samples  from  the  bor- 
ings on  the  line  of  the  main  cut-off,  and,  for  purpose  of  comparison, 
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Tx>th  the  regular  and  special  samples  from  a  special  group  of  ten  deep 
borings  on  the  west  side  of  Coachlace  Pond. 

In  the  mechanical  analyses  or  sizing  experiments,  20  grams  of  the 
dried  sample  were  passed  through  a  graded  series  of  sieves  ranging 
from  4  to  170  mesh,  and  the  amount  caught  on  each  sieve  weighed. 
The  sizing  was  carried  farther  for  the  material  passing  through  the 
finest  sieve  by  settling  in  still  water.  For  this  purpose  5  grams 
of  the  material,  mixed  with  a  small  volume  of  water,  were  introduced 
into  the  top  of  a  vertical  5-foot  column  of  water  contained  in  a  glass 
tube  of  \  inch  internal  diameter,  and  the  depths  of  material  settling 
in  five,  fifteen,  twenty-five,  and  sixty  minutes  measured  and  the  corre- 
sponding percentages  calculated.  Material  remaining  in  suspension  at 
the  end  of  sixty  minutes  was  caught  on  a  filter,  dried,  weighed,  and 
reckoned  as  clay,  although  known  by  microscopic  examination  to  con- 
sist largely  of  the  finest  grades  of  quartz  flour.  From  the  data  thus 
obtained  from  each  sample  was  plotted  a  curve  from  which  were  de- 
duced the  effective  size  and  uniformity  coefficient,  as  previously  noted, 
and  as  a  general  result  of  special  interest  may  be  mentioned  the  absence, 
even  in  the  superfine  quartz  flour  (8),  of  mo.  e  than  a  trace  of  true  clay. 
In  many  cases  where  the  drill  foreman,  judging  by  the  turbidity  test, 
reported  clay,  the  analysis  showed  it  to  be  wholly  wanting. 

The  filtration  tests  were  made  in  brass  tubes  having  a  cross-section 
equal  to  1  ten-millionth  of  an  acre,  and  long  enough  to  receive  a  charge 
6  inches  in  depth,  and  most  of  the  tests  were  made  with  a  10-foot  head 
of  water.  The  material,  thoroughly  dried  and  mixed,  was  well  packed 
by  jarring  and  ramming,  and  the  air  exhausted  by  suction  before  the 
water  was  turned  on.  Experiment  shows  that  the  interstitial  air  of  fine, 
dry  sand  may  clog  the  sand  against  the  downward  passage  of  water 
almost  as  efficiently  as  clay  would,  and  that  water  charged  with  air  or 
well  aerated  will  give  up  air  to  the  sand.  The  best  results,  therefore, 
are  obtained  when  recently  boiled,  distilled  water  is  used  and  the  tem- 
perature of  the  water  is  kept  as  nearly  constant  and  normal  as  possible. 
In  these  tests  the  temperature  of  the  water  ranged  from  65°  to  700  F. 
When  the  water  is  turned  on  the  rate  of  filtration,  expressed  in  cubic 
centimeters  per  minute,  usually  shows  at  first  a  marked  acceleration, 
owing  to  the  solution  by  the  water  of  the  residual  air,  and  in  spite  of 
the  fact  that  the  movement  of  the  water  through  the  sand  naturally 
tends,  by  readjustment  of  the  finer  particles,  to  close  the  pores  of  the 
sand  and  check  filtration.     Hence  the  maximum  and  most  normal  rate 
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of  filtration  is  reached,  as  a  rule,  only  after  several  times  its  volume  of 
water  has  passed  through  the  sand. 

The  general  filtration  averages  for  the  various  simple  grades  and 
some  of  the  simpler  composite  grades  are  given  in  the  following  table. 
The  results  represent  two  series  of  borings :  first,  those  on  the  central 
line  of  the  North  Dike  both  east  and  west ;  and  second,  a  group  of  ten 
borings  in  an  area  600  by  800  feet  on  the  west  side  of  Coachlace  Pond 
and  crossed  by  the  central  line.  The  values  for  the  central  line  bor- 
ings represent  special  or  complete  samples  only,  while  for  the  group  of 
ten  borings  the  values  are  also  given  for  the  corresponding  regular  or 
incomplete  samples ;  the  contrast  being  most  marked,  as  we  should 
expect,  with  the  finer  grades  or  those  containing  the  largest  propor- 
tion of  impalpable  material.  The  table  also  contrasts  for  the  finer 
grades  the  filtration  values  for  the  oxidized  and  the  unoxidized  mate- 
rials, the  latter,  as  we  should  expect,  being,  as  a  rule,  decidedly  the 
lower.  The  table  also  affords  abundant  illustration  of  the  principle  that 
the  composite  are  less  readily  permeable  than  the  homogeneous  grades,, 
the  filtration  values  varying  inversely  as  the  uniformity  coefficient. 
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Filtration  Averages. 

Expressed  in  cubic  centimeters  of  water  per  hour  through  a  column  6  inches  long 
with  a  diameter  of  about  0.8  of  an  inch,  equivalent  to  a  cross  section  of  1  ten-millionth 
of  an  acre,  and  under  a  head  of  10  feet. 


Borings  on  Central  Link. 


Grade. 

Number. 

Average. 

5 

13 

14,135 

5,6 

12 

8,448 

5*. 

21 

9,902 

5J,6 

28 

4,678 

6 

32 

3,581 

6,7 

52 

910 

6,8 

10 

225 

• 
M 

61 

34 

1,232 

=91 

X 

0 

6J.7 

20 

821 

61,71 

24 

255 

7 

72 

331 

7,7J 

57 

194 

7,8 

75 

108 

7J 

71 

135 

7J,8 

73 

70 

8 

49 

23 

Special  Group  op  Ten  Borings. 


Special  samples. 


Number. 


4 

11 

3 


5 
19 
11 

4 


22 


13 
22 


Average. 


6,677 

8,853 

14,045 

•       • 

3,459 

1,635 

685 

864 


595 


133 
91 


29 


Regular  samples. 


Number. 


20 
18 


21 

18 
1 
8 


32 


Average. 


13,920 
6,587 
8,368 
•  • 
5,285 
1,744 
693 
2,693 


805 


400 
827 


227 


T3 
V 
N 

TJ    J 

•  mm   < 


7,71 
7,8 

71 

71,8 

8 


14 
8 
18 
42 
41 
65 


130 
148 
73 
68 
46 
22 


3 


13 
6 
1 

22 


373 


112 
64 

85 
29 


9 
1 


9 


267 


128 
363 


91 
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The  use  of  the  tank  in  connection  with  some  of  the  borings  of  the 
special  group  afforded  a  means  of  obtaining  general  samples,  which, 
although  not  accurately  representing  any  material  actually  occurring 
in  the  ground,  made  possible  a  comprehensive  comparison  of  the  sedi- 
ments in  the  shallow  zone  of  the  foresets  and  the  relatively  deep  region 
of  the  bottomsets.  Tank  samples,  if  properly  taken  or  truly  represent- 
ative, must  in  any  case  be  of  a  highly  composite  character  and  give 
low  filtration  rates,  but  still  a  difference  in  this  respect  may  be  noted 
between  the  foreset  and  bottomset  zones.  Thus,  for  one  of  the  special 
borings  the  tank  samples  gave  from  the  surface  to  83  feet  a  filtration 
rate  of  28.7  cubic  centimeters  per  hour,  and  from  83  feet  to  221  feet 
the  rate  was  only  10  cubic  centimeters  per  hour.  In  another  case, 
from  the  surface  to  97  feet  the  rate  was  18  cubic  centimeters  per 
hour,  and  from  97  feet  to  247  feet,  13.8  cubic  centimeters  per  hour. 
In  a  third  case,  from  the  surface  to  59  feet  the  rate  was  35  cubic 
centimeters,  and  from  59  to  166  feet  it  was  less  than  one-fourth  this 
amount,  or  8.4  cubic  centimeters  per  hour;  and  for  a  fourth  boring  the 
corresponding  results  were  12.4  cubic  centimeters  from  the  surface  to 
1 01  feet,  and  8.4  cubic  centimeters  from  10 1  feet  to  224  feet. 

With  a  view  to  noting  the  influence  of  varying  size  and  uniformity 
of  grain  upon  the  filtration  rate,  the  following  experiments  were  made : 
typical  foreset  and  bottomset  sediments  were  submitted  to  careful 
mechanical  analysis  in  sufficient  amounts  to  afford  enough  material 
of  each  size  for  several  filtration  charges.  These  fractions  were  then 
tested  separately,  with  the  results  noted  below.  The  mean  size  of 
grain  is  given  for  each  fraction,  as  well  as  the  mesh  on  which  it  was 
caught.  For  the  coarser  fractions  especially  the  rate  of  filtration 
shows  a  notable  increase  in  successive  trials  with  the  same  charge, 
owing  to  the  solution  of  the  interstitial  air,  but  the  figures  are  given 
in  full  only  for  the  first  fraction,  and  it  may  be  stated  further  that 
this  result  is  to  be  clearly  observed  in  any  case  only  when  readings 
are  taken  from  the  beginning  of  filtration.  The  rate  of  filtration  is 
expressed  in  cubic  centimeters  per  minute  when  not  otherwise  stated. 
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Influence  of  Size  and  Uniformity  of  Grain  upon  Filtration  Rate. 

Fraction  i.  —  Through  24,  caught  on  30,  mean  size,  0.500  mm. 

First  charge,  633,  731,  and  740  c.c.  in  successive  minutes. 

Second  charge,  785,  852,  and  868  c.c.  in  successive  minutes ;  after  running  ten  minutes, 
885  c.c  in  one  minute. 
Fraction  2.  —  Through  30,  caught  on  40,  mean  size,  0.427  mm. 

First  charge,  average  586  c.c.  per  minute. 

Second  charge,  average  554  c.c.  per  minute. 
Fraction  3.  —  Through  40,  caught  on  50,  mean  size,  0.350  mm. 

First  charge,  average  372  c.c.  per  minute. 

Second  charge,  average  373  c.c.  per  minute. 
Fraction  4.  —  Through  50,  caught  on  60,  mean  size,  0.277  mm. 

First  charge,  average  225  c.c.  per  minute. 

Second  charge,  average  244  c.c.  per  minute. 
Fraction  5.  —  Through  60,  caught  on  80,  mean  size,  0.205  mm- 

First  charge,  average  148  cc.  per  minute. 

Second  charge,  average  141  c.c.  per  minute. 
Fraction  6. —  Through  80,  caught  on  100,  mean  size,  0.137  mm. 

First  charge,  average  75  c.c.  in  one  minute. 

Second  charge,  75  c.c.  in  one  minute,  and  then  755  c.c.  in  ten  minutes. 
Fraction  7.  —  Through  100,  caught  on  120,  mean  size,  0.129  mm. 

First  charge,  average  52  cc.  per  minute. 

Second  charge,  52  c.c.  in  one  minute,  and  then  518  c.c.  in  ten  minutes. 
Fraction  8.  —  Through  120,  caught  on  140,  mean  size,  0.106  mm. 

First  charge,  ^3  cc.  in  one  minute. 

Second  charge,  331  cc.  in  ten  minutes. 
Fraction  9.  —  Through  140,  caught  on  170,  mean  size,  0.080  mm. 

First  charge,  220  cc.  in  ten  minutes. 

Second  charge,  224  cc  in  ten  minutes. 
Fraction  10.  —  Finer  than  170  mesh,  composite. 

35  cc  in  one  hour. 
Fraction  ii.  —  Finer  than  170,  settled  in  five  minutes,  mean  size,  0.062  mm. 

135  c.c  in  one  hour. 
Fraction  12.  —  Finer  than  170,  settled  in  ten  minutes. 

48  c.c  in  one  hour. 
Fraction  13.  —  Finer  than  170,  settled  in  twenty-four  hours. 

20  cc  in  one  hour. 
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A   LABORATORY  STUDY  OF  THE   STAGES  IN  THE 

REFINING   OF  COPPER.1 

By   H.    O.   HOFMAN,   C.    F.   GREEN,  and  R.   B.   YERXA. 

Introduction. 

In  refining  copper,  the  metal  is  melted  down  in  a  reverberatory 
furnace  in  a  more  or  less  oxidizing  atmosphere  and  then  further  sub- 
jected to  an  oxidizing  smelting  in  order  to  eliminate  the  common  im- 
purities, most  of  which  have  a  stronger  affinity  for  oxygen  than  has 
copper.  In  these  operations  some  of  the  copper  is  oxidized  to  cuprous 
oxide  and  dissolved  by  the  metal  bath.  When  the  quantity  of  dissolved 
cuprous  oxide  has  reached  about  6  per  cent.,  the  metal  is  said  to  have 
been  brought  to  "set-copper."  A  button-sample  will  show  a  depressed 
surface  and,  when  broken,  a  single  bubble  at  the  apex  of  the  depres- 
sion; the  fracture  will  be  brick-red  and  dull.  It  is  essential  to  carry 
the  oxidation  to  this  point  in  order  to  know  that  the  impurities  have 
been  oxidized  as  far  as  it  is  possible  under  the  given  working  conditions. 
Nearly  all  the  cuprous  oxide  of  the  set-copper  is  now  reduced  to  the 
metallic  state  by  poling,  when  "  tough-pitch  "  copper  will  be  obtained. 
A  button-sample  will  show  a  flat  surface.  Upon  breaking,  it  will  be 
found  that  the  former  bubble  has  disappeared  and  that  the  fracture 
has  become  rose-colored  and  shows  a  silky  luster.  The  quantity  of 
cuprous  oxide  allowed  to  remain  in  the  copper  will  vary  with  the  im- 
purities still  present  in  the  metal,  and  with  the  degree  of  pitch  that 
it  is  desired  to  reach.  It  is  essential  for  the  general  physical  and  the 
mechanical  properties  of  the  resulting  copper  that  such  impurities  as 
arsenic,  antimony,  bismuth,2  and  lead,  when  present,  shall  be  in  the 


1  Reprinted  from  Transactions  of  the  American  Institute  of  Mining  Engituers,  New 
York  meeting,  October,  1903. 

2  This  generally  accepted  statement  by  Hampe  {Zeitschrift  fur  Berg-,  Hiitten-  und 
Salinen-Wesen  in  Preussen,  1874,  XXII,  p.  121)  is  doubted  by  Roberts- Austen  {Journal  of 
the  Society  of  Chemical  Industry,  1894,  XIII,  p.  471),  who,  in  discussing  Gotland's  paper, 
"  A  Japanese  Pseudo-Speise  (Shirome),"  etc.,  says,  "  However  small  the  proportion  of 
bismuth  in  copper  might  be,  it  always  remained  free,  and  did  not  unite  with  the  copper." 
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oxidized  state,  as  they  are  then  less  harmful  than  when  present  in 
the  metallic  state.  Refiners  commonly  distinguish  "ingot-  or  cake- 
pitch*  *  and  "wire-bar  pitch  ";  copper  brought  to  the  former  condition 
contains  more  cuprous  oxide  than  the  latter.  These  two  pitches  are, 
however,  not  absolutely  fixed ;  they  vary  with  the  practice  of  the  indi- 
vidual refiner  and  with  the  thickness  of  the  cake  or  bar  that  is  to  be 
cast :  the  thicker  the  piece,  the  more  oxygen  will  have  to  remain  in  the 
metal,  if  a  flat  surface  is  to  be  obtained.  A  third  degree  of  pitch  aimed 
at  is  that  required  by  very  thin  castings,  such  as  electrodes  \  inch  in 
thickness.  As  this  pitch  lies  beyond  that  of  wire-bar  copper  and  differs 
from  it  more  than  will  permit  of  its  being  designated  as  merely  a  shading, 
it  may  be  called  "  plate-pitch.' ' 

Little  was  known  of  the  structural  relations  that  exist  between 
copper  and  cuprous  oxide  until  1900,  when  Heyn1  published  the  results 
of  his  investigations  on  "copper  and  oxygen."  He  took  pure  copper 
wire,  cut  it  into  small  pieces,  made  up  charges  of  450  grams  each, 
added  to  them  varying  quantities  of  pure  cuprous  oxide,  melted  the 
mixtures  (excepting  sample  Number  1)  in  graphite  crucibles  lined  with 
porcelain,  inserted  into  the  fused  charges  the  protected  couple  of  a 
Le  Chatelier  thermo-electric  pyrometer,  and  made  the  cooling-curves. 
Sample  Number  1,  copper  wire  alone,  was  fused  in  a  graphite  crucible 
without  a  lining  in  order  that  the  graphite  might  have  a  reducing  effect 
upon  the  small  quantity  of  oxide  present,  and  the  resulting  fused  copper 
be  as  free  from  it  as  was  possible.  The  results  of  his  experiments  are 
given  in  Table  I,  and  are  represented  graphically  by  the  freezing-point 
curve  in  the  diagram. 


1  Mittheilungen  aus  den  Kbniglichen   Versuchsanstaltcn  zu  Berlin^  1900,  XVIII,  p.  315, 
See  also  The  Melallographist,  1903,  VI,  p.  49. 
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Diagram. — Freezing-point  Curve  of  Copper — Cuprous  Oxide  Allots* 
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TABLE  I.  —  Results  of  Heyn's  Experiments. 


I 


3 


6 


8 


Chargb. 

Crucible,  lined  or 
not  lined. 

• 

Cu,0      calculated 
from  O  found  by 
analysis.* 

Tkmfbraturr  of 
Solidification. 

Cu 
Grams. 

Cu»0 
Grains. 

Beginning. 

Ending. 

• 

Per  cent. 

Degrees 
Centigrade. 

Degrees 
Centigrade. 

450 

None 

Not 
lined 

0.08 

1402 

■      • 

460 

? 

Lined 

1.16 

1,095 

1,085 

450 

9.0 

Lined 

1.75 

1,089 

1,084 

460 

22.5 

Lined 

3.4 

•      • 

1,084 

460 

18.0 

Lined 

3.5 

■      • 

1,084 

460 

27.0 

Lined 

4.7 

1,116 

1,084 

460 

40.5 

Lined 

6.3 

1,149 

• 

1,084 

460 

00.0 

Lined 

9.0 

1,186 

1,084 

Observations  on  the  galvanometer. 


Decided  retardation  at  1,102°  C. 

Long    retardation    at    1,095°  C, 
slow  fall  to  1,083°  C,  quick  rise  to 
1,085°  C,  lone  retardation,  slow,  fol- 
lowed by  quick,  fall. 

Slow  fall,  beginning  at  1,069°  C, 
retardation  at  1,086°  C.,  slow  fall  to 
1,083°  C,  sudden  rise  to  1,084°  C, 
long  retardation,  slow,  followed  by 
„quick,  fall. 

Fall  to  1,076°  C.  without  any  retar- 
dation, sudden  rise  to  1,084°  £,  long 
retardation,  slow,  followed  by  quick, 
fall. 

f  Fall  to  1,082°  C.  without  any  retar- 
I  dation,  sudden  rise  to  1,084°  C.,  long 
]  retardation,  slow,  followed  by  quick, 
If  all. 

Slow  fall  beginning  at  1,116°  C, 
very  slow  fall  to  1,076°  C,  sudden 
rise  to  1,084°  C,  long  retardation, 
^slow,  followed  by  quick,  fall. 

Slow  fall  beginning  at  1449°  C, 
very  slow  fall  to  1,077°  C,  sudden 
rise  to  1,084°  C,  lone  retardation, 
..slow,  followed  by  quick,  fall. 


'Slow   fall    beginning   at   1,186°  C, 
J  slow  fall  to  1,079°  C.,  sudden   rise 
]  to  1,084°  C,  long  retardation,  slow, 
^followed  by  quick,  fall. 


•  Reduction  by  means  of  hydrogen :  "  Hampe's  Method,"  ZtiUchrifl  /Ur  B*rg~t  HiUUn-  und  Satin**. 
We$*n  in  Preussen,  1873,  XXI,  p.  231. 

It  will  be  seen  from  Table  I  that  upon  cooling  only  the  tests  Num- 
bers i,  4,  and  5  show  a  single  fall  of  temperature,  which  means  that 
they  do  not  pass  through  a  pasty  stage,  but  freeze  suddenly.  With 
the  other  tests  there  is  a  gradual  freezing  from  the  beginning  to  the 
end  of  the  solidification.  With  all  samples,  excepting  test  Number  1, 
the  cooling  is  accompanied  by  surfusion,  the  depressed  temperature 
rising  in  every  instance  to  the  fixed  point  of  1,084°  C.  This  tempera- 
ture, corresponding  to  the  freezing-points  of  tests  Numbers  4  and  5 
containing  3.4  and  3.5  per  cent.  Ci^O  respectively,  which  have  only 
one  distinct  point  of  solidification,  must  be  the  temperature  of  the 
eutectic.     The  V-shaped  freezing-point  curve  of  the   diagram,  plotted 
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from  the  data  in  Table  I,  and  the  photo-micrographs,  Figures  i  to  8 
inclusive,  bring  this  fact  out  clearly.  Figures  4  and  5,  the  eutectic  of 
copper  and  cuprous  oxide  with  3.4  and  3.5  per  cent.  Cu20  respectively, 
show  the  characteristic  structure,  i.  e.>  a  conglomerate  of  the  two  com- 
ponents arranged  more  or  less  in  alternate  plates  which  do  not  cross, 
one  another.  With  alloys  of  diminishing  percentages  of  cuprous  oxide„ 
shown  in  Figures  3,  2,  and  1,  the  micrographs  give  the  dark  network 
of  eutectic  and  the  light  mesh-work  of  copper ;  with  alloys  having  per- 
centages of  cuprous  oxide  greater  than  3.4  or  3.5,  the  micrographs. 
Figures  6  and  7,  show  patches  of  cuprous  oxide  increasing  in  size 
imbedded  in  eutectic  mixture. 

The  alloys  of  copper  and  cuprous  oxide,  when  in  the  molten  state, 
form  homogeneous  solutions  similar  to  salt  solutions.  Upon  the  solidi- 
fication of  copper-alloys  containing  less  than  3.45  per  cent.  Ci^O,  the 
cuprous  oxide  falls  out  completely  and  does  not  form  a  solid  solution 
with  copper.  This  is  seen  clearly  in  Figure  1,  where  the  network  of 
the  eutectic  is  still  visible,  when  the  copper  contains  only  0.08  per  cent. 
Cu20.  Should  any  cuprous  oxide  form  a  solid  solution,  its  quantity 
would  have  to  be  less  than  0.08  per  cent.  Whether  in  an  alloy  with 
more  than  3.45  per  cent.  Cu20  the  patches  of  cuprous  oxide  (Figures  6 
and  7)  are  pure  cuprous  oxide  is  not  settled,  but  in  all  probability  this 
is  the  case. 

Finally,  Figure  8  represents  the  same  sample  as  shown  in  Figure  2, 
viz.,  copper  with  1.16  per  cent.  C14O.  In  the  first  case  the  specimen 
has  been  heated  to  1,1  oo°  C.  and  then  quenched  in  water  of  io°  C. ;  in 
the  second  it  has  been  allowed  to  cool  slowly.  The  disconnected  points 
in  the  micrograph  of  the  quenched  specimen  show  how  the  free  develop- 
ment of  the  inner  structure  has  been  arrested ;  in  contrast  Figure  2 
illustrates  clearly  how  the  eutectic,  if  given  sufficient  time,  forms  a 
connected  network. 

The  leading  statements  of  Heyn's  paper,  including  eight  of  his 
nine  micrographs,  have  been  repeated  here,  for  the  reason  that  they 
have  an  important  bearing  upon  the  work  to  be  described ;  in  fact,  the 
suggestion  in  his  conclusions  that  observation  of  the  microstructure  of 
refined  copper  might  be  substituted  for  the  lengthy  determination  of 
oxygen  was  the  cause  of  undertaking  the  present  investigation.  This 
embodies  the  examination  of  fractures  of  samples  taken  in  different 
stages  of  refining,  the  determination  of  the  oxygen-content,  the  prep- 
aration of  micrographs,  and,  lastly,  the  planimetric  measurement  of 
enlarged  micrographs,  with  calculation  of  the  percentage  of  oxygen. 
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Description  of  Samples. 

Button-samples  for  this  investigation  were  kindly  furnished  by 
Mr.  W.  T.  Burns,  of  the  Boston  and  Montana  Consolidated  Copper 
and  Silver  Mining  Company,  Great  Falls,  Montana;  by  Mr.  M.  B. 
Patch,  of  the  Buffalo  Smelting  Works  of  the  Calumet  and  Hecla 
Mining  Company,  Buffalo,  New  York ;  and  by  Mr.  G.  M.  Luther,  of 
the  Nichols  Chemical  Company,  Laurel  Hill,  New  York. 

Sample  Number  i  of  the  Boston  and  Montana  Company  represents 
cathode  copper  after  it  has  been  melted  down  in  the  reverberatory  fur- 
nace and  skimmed,  but  not  rabbled ;  Number  2  was  taken  after  the 
rabbling  had  been  completed  and  the  stage  of  set-copper  reached ; 
Number  3  is  the  sample  after  the  poling  has  been  finished  and  the 
copper  is  ready  to  be  ladled  into  wire-bars.  The  tests  made  at  the 
works  give:  silver,  0.8  ounce  per  ton;  arsenic  and  antimony,  0.0035 
per  cent.;  conductivity,  97.5  per  cent.;  tensile  strength,  64,200  pounds 
per  square  inch ;  elongation,  1  per  cent. ;  torsion-twists  in  6  inches,  89. 

Sample  Number  o  of  the  Buffalo  Smelting  Works  represents  set- 
copper ;  the  remaining  six  of  the  set,  Numbers  1,  2,  3,  4,  5,  and  6, 
were  taken  at  intervals  of  fifteen  minutes  during  the  poling-period : 
Number  1  was  cast  after  the  poles  had  been  in  the  furnace  for  fifteen 
minutes ;  Number  6  is  finished  refined  copper  brought  to  a  pitch  at 
which  ingots  or  cakes  are  cast.  Samples  Numbers  A  and  B,  from 
another  charge,  represent  copper  brought  to  ingot-pitch  and  wire-bar 
pitch  respectively,  special  care  having  been  taken  to  allow  the  samples 
to  cool  slowly. 

The  sample  of  the  Nichols  Chemical  Company  represents  plate- 
pitch,  i.e.,  the  pitch  desired  for  casting  thin  electrodes. 

Fractures  of  Samples. 

The  fractures  reproduced  in  Figures  9  to  18  inclusive  were 
prepared  in  the  usual  way.  An  incision  about  0.125  inch  in  depth 
was  made  across  the  convex  side  of  a  button  with  a  cold  chisel,  the 
button  then  clamped  in  a  vise  with  the  incision  just  protruding  above 
the  jaws,  and  given  one  or  more  shearing  blows  with  a  heavy  short- 
handle  hammer.  With  set-copper  one  blow  was  sufficient  to  break  the 
specimen  in  two ;  the  nearer  the  sample  approached  tough-pitch  copper 
the  larger  was  the  number  of  blows  required  to  obtain  a  fracture. 
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Fig.  i.— Photo- mi cb oor a ph  of  Cop-  Fig.  2.— Photo  micrograph  of  Cop- 

per— Cuprous  Oxide  Alloy.  per — Cuprous  Oxide  Allov. 

0.08  per  cent  CusO.     X  123.    (Heyn.)  1.16  per  cent.  CutO.     X  113.     {Heyn.) 


Fig.  3. — Photo-mi  cr 
per— Cuprous  C 

I.75  per  cent.  Cu,0. 


APH  OF  COP- 

123.    (Heyn.} 


Fig.  5. — Eutectic  of  Copper  and 

Cuprous  Oxide. 
3.5  per  cent.  CuaO.     X  133.     (Heyn.) 


Fie.  6. — Photo-micrograph  of  Cop- 
per—Cuprous Oxide  Allov. 
4.7  percent.  CuiO.     X  123.     (Heyn.) 
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Fig.  7.— Photomicrograph  of  Cop- 

Fig. 8.— Photo-microgi 

iaph  of  Cop 

per—Cuprous  Oxide  Alloy. 

per— Cuprous  Oxii 

6.3  per  cent.  CusO.      X  123.     (Heyn.) 

1.16  per  cent.  CuaO.    X 

123.    (Heyn.) 

Fractures  of  Copper. 


Fig.  9. — Sample  No.  i,  Boston  and  Montana  Copper. 
After  melting,  contains  3  per  cent.  CujO  (?).     X  1 .5. 


:,  Boston  and  Montana  Copper. 
6.16  per  cent.  CubO.     X  1.5. 


—Sample  No.  3,  Boston  and  Mont, 
0.51  percent.  CuaO. 
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Fig.  12.— Sample  No.  o,  Calumet  anii  Hecla  Cupp 
Set  copper,  contains  5.76  per  cent.  Cu*D.     X  1-5. 


Fig.  13. — Sample  No.   1,  Calumet  and 
After  poling  15  minutes,  contains  5.67  per  & 


Fig.  14. — Sample  No.  2,  Calumet  and  Hecla  Co 
After  poling  jo  minulss,  contains  3.36  per  cent.  Cu^O. 


Fig.  15.— Sample  No.  3,  Cai 
After  poling  45  minutes,  con  tail 
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Fid.  16.— Sample  No.  4,  Cai.umet  and 
Afiet  poling  60  minutes,  contains  1 .98  per  ct 


Fir-  17.— Sample  No.  5.  Cai 
After  poling  75  minutes,  contair 


i8.— Sample  No.  6,  Cai.i.met  a 
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Fig  to. — Sample  No.  i,  Boston  and  Fig.  21. — Sample  No.  3,  Boston  a 

Montana  Copper.  Montana  Copper,  Wire-Bar 

Contains  6.16  per  cent.  CujO.      X   100.  Contains  0.51  pei  cent.  CusO.      X   1 


—Sample  No.  o,  Calumet  and  Fig.  jj.— Sample  No. 

Hecia  Set  Copper.  Hecla  Col 

ns  5.76  per  cent.  CuaO.     X  100.  After  poling  1  $  minutt 
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Fig  25. — Sample  No.  3,  Calumet  a 
Hecla  Copper. 
After  poling  45  minutes,  contains  i.S 
per  cent.  CuiO.     X  100. 


Fie.  26.— Sample  No.  4,  Calumet  and  Fig.  27.— Sample 

Hecla  Copper.  Hkcl, 

After  poling  60  minutes,  contains  I  98  After  poling  75  n 

per  cent.  CujQ.      X   100.  per  cent.  (' 
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Hrcla  Copper.  Hrcla  Ingot  Coppkr  Coolki 

After  poling  90  minutes,  contains  0.47  Slowly. 

per  cent.  CuiO.     (Ingot  copper  Contains  0.91  per  cent.  CutO.     X 
Cooled  quickly.)      X  100. 


Sample  "  B,"  Calumet  and  Fig.  31.— Sample  of  Nichols  &  Co.'s 

.Vire-Bar  Copper  Cooled  Plate-Copper. 

Slowly.  Contains  0.28  per  cent.  CujO.     X  100. 
0.39  pet  cent.  ClIjO.     X    100. 
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Several  experiments  were  made  to  find  the  best  light  and  time  of 
exposure  necessary,  the  position  of  the  specimen  with  regard  to  the 
light,  arid  the  proper  magnification  to  bring  out  the  details  in  a  pho- 
tograph. A  reversible-back  Premo  camera,  4  by  5  inches,  was  used 
with  sunlight,  the  specimen  having  been  placed  on  a  white  background. 
Exposures  of  40,  80,  and  160  seconds  were  tried,  using  a  Number  32 
diaphragm.  With  negatives  half  the  size,  the  same  size,  one  and  one- 
half  times,  and  twice  the  size  of  the  original,  exposures  of  from  40  to 
80  seconds  gave  good  results.  Trying  back-light  and  side-light,  it  was 
found  that  the  latter  brought  out  the  structure  more  satisfactorily  than 
the  former.  A  magnification  of  one  and  one-half  was  necessary  to  show 
clearly  the  details  in  the  photograph. 

As  it  is  not  easy  to  have  constant  conditions  with  sunlight,  electric 
light  from  a  16-candle  power  incandescent  lamp  was  substituted  and 
an  enlarging  camera  of  E.  and  N.  T.  Anthony1  used.  With  the  light 
placed  at  about  5  inches  from  the  specimen,  so  as  to  make  an  angle 
of  450  with  the  face,  and  using  the  middle  diaphragm,  an  exposure  of 
six  minutes  gave  the  best  negative.  With  finely-granular  fractures, 
filtering  the  light  through  ground  glass  was  an  improvement,  but  the 
time  of  exposure  had  to  be  prolonged  to  ten  minutes ;  with  the  coarser 
structures  better  results  were  obtained  without  the  ground  glass. 

Figures  9,  10,  and  1 1  give  the  fractures  of  the  Boston  and  Montana 
samples  Numbers  1,  2,  and  3  in  one  and  one-half  times  their  natural 
sizes.  Figure  9,  cathode  copper  after  melting  and  skimming,  but  before 
rabbling,  has  a  fracture  radiated  and  columnar,  luster  is  absent,  the 
color  a  dark  red.  Figure  10  is  set-copper,  the  fracture  has  lost  its 
radial  character  and  has  become  coarse-columnar  to  coarse-cubical ;  it 
remains  dull,  the  color  has  changed  to  a  brick-red ;  in  the  apex  of  the 
depressed  surface  there  has  appeared  the  characteristic  single  bubble. 
Finally,  Figure  1 1  represents  refined  copper  brought  to  wire-bar  pitch ; 
the  fracture  is  finely-granular  and  fibrous,  the  luster  is  very  silky,  and 
the  color  roseate. 

Samples  Numbers  o  to  6  of  the  Calumet  and  Hecla  Company, 
shown  in  Figures  12  to  18,  begin  with  set-copper  and  end  with  ingot- 
copper.  The  fractures,  starting  from  coarse-columnar  and  cubical  (Fig- 
ure 12),  lose  their  columnar  character,  remaining  coarse  and  cubical 
(Figure  13);  they  become  coarsely  radiated  (Figure  14),  then  the  radia- 
tion assumes  finer  forms  and  granulation  puts  in  an  appearance  (Figure 


1  Address,  Number  591  Broadway,  New  York  City. 
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15) ;  granulation  predominates  over  radiation  (Figure  16),  both  become 
finer  (Figure  17),  until  with  Figure  18  radiation  has  been  entirely  re- 
placed by  granulation.  In  a  similar  manner  the  luster,  from  being 
absent  with  Figure  12,  becomes  at  first  slightly  silky;  then  silkiness 
increases  until  full  silkiness  is  reached  with  Figure  18.  The  dark 
brick-red  color  of  Figure  12  becomes  lighter  (Figures  13,  14,  and  15), 
rose-color  begins  to  be  seen  (Figures  15  and  16),  until  full  rose-color 
is  reached  with  Figure  18. 

The  observations  on  the  fractures  are  brought  together  in  Table  II. 


Determination  of  Oxygen  in  Samples. 

The  oxygen  of  the  different  samples  was  determined  by  means  of 
Hampe's  method,1  which  consists  in  reducing  the  oxide  of  finely-divided 
copper  (brought  to  a  bright  red  heat)  in  a  current  of  hydrogen,  the 
loss  in  weight  giving  a  measure  for  the  oxygen-content.  Hampe,2  and 
later  Heyn,8  give  evidence  that  the  reduction  is  complete.  The  appa- 
ratus used  and  recommended  by  Hampe  was  somewhat  modified,  partly 
along  the  lines  suggested  by  Archbutt,4  and  partly  by  changes  which 
suggested  themselves  during  the  work.  On  account  of  the  smallness 
of  the  samples,  it  was  necessary  to  use  less  material  for  the  analyses 
than  did  Hampe,  viz.,  from  10  to  13  grams.  The  apparatus  used  con- 
sisted of  a  16.5-inch  Kipp  gas  generator  (charged  with  hydrochloric 
acid  and  feather  zinc),  a  gas-washing  bottle  filled  two-thirds  full  with  a 
saturated  solution  of  caustic  soda,  a  drying-tower  with  sticks  of  caustic 
soda,  a  U-tube  filled  with  calcium  chloride,  a  bulb-tube  filled  with  copper 
borings,  and  a  second  U-tube  filled  with  calcium  chloride. 

The  bulb-tube,  of  Bohemian  glass,  -&§  inch  thick,  was  8  inches  long 
and  had  a  bulb  3  inches  long  and  1.25  inches  in  diameter.  It  was  sup- 
ported by  a  frame  (5  inches  long  by  3  inches  wide  by  2.5  inches  high) 
of  "uralite"  (an  asbestos  boarding)  having  slots  1.25  inches  deep  in 
the  ends  to  receive  the  cylindrical  ends  of  the  bulb.     The  frame  was 


1  Zeitschrift  fiir  Berg-,  Hiltten-  und  Salinen-Wesen  in  Preussen,  1873,  XXI,  p.  231. 

2  Op.  tit,  p.  234. 

*  Zeitschrift  des  Vereins  deutscher  Ingenieure,  1900,  XLIV,  p.  509;  see  also  Metallogra- 
phist,  1900,  VI,  p.  48. 

*  Analyst,  1900,  XX  V,  p.  253. 
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placed  on  a  thin  sheet  of  asbestos  paper.1  resting  upon  a  ring-stand. 
Under  this  was  placed  a  Tirrel  burne'r  with  a  flame  spreader.  The 
whole  was  enclosed  by  a  frame  of  heavy  asbestos  matting  (7  inches 
long  by  6  inches  wide  by  13  inches  high)  with  slots  in  the  sides  to 
receive  the  protruding  cylindrical  ends  of  the  bulb. 

The  mode  of  procedure  was  as  follows:  from  20  to  25  grams  of 
borings2  were  taken  for  a  sample,  small  bits  of  iron  were  removed 
by  a  magnet,  the  borings  were  washed  in  a  beaker  four  or  five  times 
with  alcohol  and  dried  to  remove  the  last  traces  of  alcohol,  care  being 
taken  to  avoid  any  oxidation  of  the  copper.  The  borings  were  then 
■divided  into  approximately  equal  parts,  transferred  to  the  weighed  bulb- 
tubes,  and  weighed.  A  bulb  was  placed  in  the  furnace,  connected  by 
rubber  tubing  with  the  train  of  hydrogen  apparatus,  hydrogen  passed 
through  for  five  minutes  at  the  rate  of  six  bubbles  per  second,  the 
gas  issuing  from  the  second  calcium-chloride  tube  ignited,  and  the  bulb 
slowly  brought  to  a  bright-red  heat.  When  water  ceased  to  appear  in 
the  glass  leading  to  the  second  calcium-chloride  tube,  the  gas  current 
was  reduced  so  that  only  three  bubbles  passed  the  wash-bottle  per 
second,  and  the  bulb  was  kept  at  a  bright -red  heat  for  one  and  a  half 
hours.  At  the  end  of  this  time  the  supply  of  gas  was  again  increased 
to  six  bubbles  per  second,  the  lamp  removed,  and  the  copper  allowed  to 
cool.  When  cool  the  bulb  was  disconnected,  air  aspirated  through  it, 
and  the  bulb  cleaned  and  weighed. 

The  results  obtained  are  given  in  Table  III. 

It  will  be  noticed  that  the  average  percentage  of  cuprous  oxide  of 
the  Boston  and  Montana  wire-bar  copper  is  higher  than  that  of  the 
Calumet  and  Hecla  cake-copper,  although  the  former  had  been  brought 
to  a  higher  pitch  and  should,  therefore,  contain  less  oxygen.  The  dis- 
crepancy may  be  explained  by  the  fact  that  the  Boston  and  Montana 
copper  contains  more  impurities  than  the  Calumet  and  Hecla,  and  these 
impurities  are  present  as  oxides. 


1  Asbestos  was  chosen  after  sheet-iron  (used  by  Archbutt)  had  failed  with  the  heating 
apparatus  used,  and  copper  had  become  oxidized  and  perforated  too  quickly. 

2  In  boring  the  drill  was  run  very  slowly  to  prevent  heating  of  the  sample. 
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TABLE  III.  —  Determinations  of  Oxygen  in  Samples  of  Copper. 


Sample. 


Boston  and  Montana 


.  * 


Calumet  and  Hecla 


No.l 
No.  2 
No.  3 
No.O 
No.l 
No.  2 
No.  3 
No.  4 
No.  5 

No.  6 


Weight      of 
copper  used. 


Grams. 

9.9261 
10.2990 

10.1963 
13.2269 

6.7496 
6.7671 

10.6643 
11.6738 

12.6041 
10.9386 

11.9961 
12.1626 

11.8279 
16.2061 

12.6464 
13.8294 

13.3018 
182266 

11.3644 
12.2972 
13.1626 


Weight  of  oxy- 
gen found. 


Grams. 

0.0319 
0.0347 

0.0702 
0.0873 

0.0054 
0.0048 

0.0679 
0.0744 

0.0791 
0.0700 

0.0430 
0.0466 

0.0242 
0.3440 

0.2940 
0.3080 

0.1260 
0.1690 

0.0069 
0.0072 
0.0068 


Quantity  of 
oxygen  in 
copper. 


Per  cent. 

0.322  • 
0.337  • 

0.688 
0.659 

0.066 
0.068 

0.643 
0.643 

0.628 
0.640 

0.368 
0.375 

0.206 
0.212 

0.221 
0.223 

0.094 
0.093 

0.062 
0.058 
0.052 


Quantity  of  cu- 
prous oxide 
in  copper. 


Per  cent. 

2.88  • 
3.015» 

6.169 
5.905 

0.603 
0.623 

5.757 
5.765 

5.618 
5.725 

3.207 
3.360 

1.830 
1.900 

1.980 
1.990 

0.841 
0.839 

0.465 
0.524 
0.463 


*  These  samples  contained  some  sulphur,  which  was  given  off  as  hydrogen  sulphide ;  the  figures  represent, 
therefore,  oxygen  plus  sulphur,  and  not  sulphur  alone ;  and  the  figures  in  the  last  column  ought  to  be  too  high, 
but,  as  seen  by  micrograph  (Figure  19),  they  are  very  much  too  low. 

Microscopical  Examination  of  Samples. 

The  pieces  of  copper  used  for  making  micro-sections  were  sawed 
out  as  nearly  as  possible  from  the  centre  of  a  fracture,  as  it  was  thought 
that  some  segregation  might  have  taken  place  in  the  cooling.  Later 
observations,  however,  showed  that  this  precaution  was  unnecessary  as 
long  as  the  superficially  oxidized  surface  was  excluded.  The  samples 
were  all  finished  with  the  polishing  machine  made  by  the  Boston  Testing 
Laboratories.1  In  using  the  machine  for  rough-polishing,  the  emery  on 
the  canvas-wheel  pitted  the  surface  to  such  an  extent  that  it  became 
necessary  to  file  the  specimen  smooth  before  proceeding  any  further. 
In  regular  work,  therefore,  the  sawed  specimens  were  first  treated  with 
a  rough,  followed  by  a  smooth,  file,  and  then  polished  with  rouge  and 
water  on  a  revolving  wooden  disk  covered  with  broadcloth.  In  polish- 
ing, considerable  difficulties  were  encountered  at  first,  as  the  polished 


1  Metallographist,  190 1,  IV,  p.  275. 
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surfaces,  when  examined  under  the  microscope,  showed  disturbing 
scratches.  Polishing  by  hand  with  rouge  and  water  on  a  smooth 
board,  covered  first  with  sheet-rubber  and  then  with  chamois,  gave  a 
more  lustrous  surface  than  when  the  wheel  was  used,  but  at  the  same 
time  it  intensified  the  scratches.  This  pointed  to  the  probable  pres- 
ence of  coarse  particles  in  the  rouge.  In  order  to  remove  them,  about 
one  volume  of  rouge  was  stirred  up  with  two  volumes  of  water  in  a 
beaker,  allowed  to  settle  for  about  thirty  seconds,  and  the  suspended 
matter  applied  with  a  brush  to  the  broadcloth  disk.  The  results  were 
satisfactory,  and  all  samples  were  treated  in  this  manner.  When  pol- 
ished, they  were  cleaned  with  alcohol  and  wiped  dry  with  chamois.  By 
thus  applying  the  rouge,  running  of  water  on  to  the  machine  could  be 
dispensed  with,  which  made  the  whole  operation  cleaner.  Experiments 
with  the  suspended  rouge  decanted  from  that  which  had  settled,  filter- 
ing, and  then  applying  the  filter-contents  to  the  disk,  did  not  work  well. 
In  examining  the  polished  sections  with  the  microscope,1  magnifica- 
tions ranging  from  30  to  750  diameters  were  tried.  As  a  high  magnifi- 
cation did  not  bring  out  the  structure  more  clearly  than  did  one  of  a 
smaller  diameter,  but  only  narrowed  the  field  of  observation,  a  com- 
paratively low  magnification  of  100  diameters  was  chosen.  This  gave 
a  magnification  of  about  230  diameters  on  the  photographic  plate.  To 
the  eye  the  contrast  between  the  black 2  cuprous  oxide  in  the  eutectic 
(or  the  bluish-black  excess-cuprous  oxide  in  samples  containing  over 
3.45  per  cent.  Ci^O)  with  the  red-colored  copper  was  clearly  visible, 
but  the  photographic  plate  failed  to  show  it.  In  order  to  bring  out 
the  structure  more  clearly,  various  attempts  were  made  to  etch  with 
nitric  acid,  sulphuric  acid,  silver  nitrate,  and  with  the  electric  current, 
but  they  did  not  improve  matters.  Heat-tinting  did  some  good,  but 
not  enough.  Yellow  and  orange-colored  screens  were  then  tried;  of 
these  the  orange-colored  glass  proved  to  be  the  better,  especially  when 
a  rapid  isochromatic  plate  particularly  sensitive  to  orange  and  yellow 
light  was  used  for  photographing.  The  orange  light  gave  the  copper 
a  yellowish  tint,  but  had  little  effect  upon  the  cuprous  oxide.  The 
copper  alone  having  an  actinic  effect  upon  the  photographic  plate,  it 
appeared  white  in  the  positive,  and  the  cuprous  oxide  black.  The  time 
of  exposure  giving  the  best  results  was  found  to  be  two  and  a  half 
minutes. 


1  Made  by  C.  Reichert,  Vienna  (Bausch  and  Lomb  Optical  Company,  Rochester,  N.  Y.). 

2  To  Heyn,  op.  cit.^  using  chemically  pure  materials,  it  appeared  bluish-black. 
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The  Boston  and  Montana  sample  Number  1  (Figure  19),  taken 
after  melting  and  skimming  the  cathodes,  is  seen  to  contain  a  slight 
excess  of  cuprous  oxide  over  the  eutectic,  although  the  analysis  gives 
only  3  per  cent,  cuprous  oxide.  The  black  crystals  are  small,  but 
easily  distinguished  from  the  cuprous  oxide  of  the  eutectic.  Sample 
Number  2  (Figure  20),  set-copper,  contains  a  large  excess  of  cuprous 
oxide  over  the  eutectic ;  it  shows  fern-like  forms  which  spring  up  in 
relief  against  the  eutectic  background.  The  fern-like  forms  are  very 
unevenly  distributed;  the  eutectic  field  in  some  places  was  free  from 
them,  in  others  it  was  entirely  covered  with  them.  Sample  Number  3 
(Figure  21),  wire-bar  copper,  shows  an  evenly  distributed  fine  network 
of  eutectic  enclosing  large  meshes  of  copper. 

In  the  Calumet  and  Hecla  series,  sample  Number  o  (Figure  22), 
set-copper,  shows  patches  of  excess-cuprous  oxide  in  the  eutectic. 
Sample  Number  1  (Figure  23),  taken  fifteen  minutes  after  poling  had 
begun,  does  not  differ  much  from  sample  Number  o,  proving  that  the 
reduction  had  not  proceeded  very  far.  On  the  whole,  both  samples 
resemble  very  much  the  set-copper  sample  (Number  2)  of  the  Boston 
and  Montana,  although  they  do  not  show  the  fern-like  forms  so  clearly 
developed.  The  eutectic,  in  most  cases,  is  slightly  separated  from  the 
patches  of  excess-cuprous  oxide  crystals  by  a  narrow  band  of  copper, 
and  the  cuprous  oxide  in  the  eutectic  seems  to  have  separated  some- 
what from  its  copper,  thus  giving  the  field  a  spherulitic  appearance.1 
In  sample  Number  2  (Figure  24),  the  third  taken,  reduction  has  pro- 
gressed rapidly,  but  it  still  contains  a  slight  excess  of  cuprous  oxide 
over  that  of  the  eutectic  mixture.  It  resembles  sample  Number  1  of 
the  Boston  and  Montana  series.  In  sample  Number  3  (Figure  25) 
the -eutectic  has  been  passed,  and  the  excess-copper  becomes  apparent. 
Sample  Number  4  (Figure  26)  shows  that  little  progress  was  made  in 
the  reduction  in  the  fifteen  minutes  that  elapsed  between  the  taking  of 
samples  Number  3  and  Number  4.  An  explanation  for  this  is  that 
during  this  period,  forty-five  minutes  after  poling  had  begun,  the  poles 
were  withdrawn  and  new  ones  put  in  their  places.  In  sample  Num- 
ber 5  (Figure  27)  the  cuprous  oxide  is  very  much  diminished,  the 
eutectic  forms  a  thin  network  enclosing  copper  in  its  meshes.  Finally, 
sample  Number  6  (Figure  28)  represents  refined  copper  brought  to 
ingot-pitch.      The  network   of   the  eutectic  is  imperfect  and  broken, 


1See  H.  M.  Howe,  "Iron,  Steel,  and  Other  Alloys,"  Boston,  1903,  p.  41. 
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and  the  dark  parts  of  the  eutectic  are  bunched  together  and  larger 
than  expected.  The  explanation  of  this  peculiar  structure  may  be 
found,  when  Figures  2  and  8  of  Heyn's  micrographs  are  compared,  by 
the  supposition  that  the  sample  was  chilled  when  still  above  1,084°  C., 
the  melting-point  of  the  eutectic,  which  prevented  the  eutectic  from 
separating  out  in  the  form  of  a  continuous  skeleton.  In  order  to  find 
out  whether  this  idea  was  a  correct  one,  a  new  sample  (A),  taken  at 
the  ingot-copper  stage  from  another  furnace-charge  and  cooled  slowly, 
was  obtained  and  examined.  Figure  29  brings  out  clearly  the  differ- 
ence between  quick  and  slow  cooling.  Figure  30,  sample  (B),  repre- 
sents the  same  batch  of  copper  when  ready  to  be  ladled  into  wire-bar, 
the  sample  having  been  also  cooled  slowly.  The  skeleton  here  also  is 
seen  to  be  continuous  and  not  broken  as  in  Figure  28. 

Finally,  micrograph  Figure  3 1  represents  a  sample  of  copper  from 
the  Nichols  Chemical  Company  which  has  been  brought  to  plate-pitch, 
i.e.,  the  poling  has  been  carried  further  than  is  the  case  with  the  highest 
degree  of  wire-bar  pitch  of  the  Calumet  and  Hecla  Company. 


Area  Measurements. 

Measurements  of  areas  which  gave  Sauveur1  such  interesting  facts 
seemed  very  promising  when  applied  to  samples  of  copper  containing 
less  cuprous  oxide  than  the  eutectic  mixture.  Measuring  the  copper- 
areas  and  deducting  them  from  the  total  area  would  give  the  eutectic 
area,  and  from  this  the  percentage  of  cuprous  oxide  could  be  readily 
calculated.  It  would  be  useless,  if  not  impossible,  to  measure  the  areas 
of  cuprous  oxide  in  the  eutectic ;  and  on  account  of  the  unequal  distri- 
bution of  cuprous  oxide  in  specimens  with  more  cuprous  oxide  than 
the  eutectic,  the  data  would  be  misleading. 

For  the  purpose  of  measurement,  enlargements  were  made  of  sample 
Number  3  (wire-bar  copper)  from  the  Boston  and  Montana  Company, 
of  samples  Numbers  3,  4,  5,  and  6  (ingot-copper,  chilled)  from  the 
Calumet  and  Hecla  Company;  also  of  sample  A  (ingot-copper,  cooled 
slowly)  and  sample  B  (wire-bar  copper,  cooled  slowly)  from  the  Calumet 
and  Hecla  Company,  and  of  the  sample  of  plate-copper  from  the  Nichols 
Chemical  Company. 


1  Transactions,  XXVI,  p.  878. 
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The  enlargements  measured  16  by  20  inches,  giving  five  times  the 
magnification  of  the  micrographs,  or  about  1,150  diameters.  A  circle, 
1 2  inches  in  diameter,  was  drawn  on  an  enlargement,  divided  into  four 
quadrants,  and  measurements  made  on  each.  The  Amsler  planimeter  * 
was  the  instrument  employed.  It  is  commonly  used  for  the  measure- 
ment of  indicator  cards,  and  is  accurate  to  0.1  per  cent.  The  copper 
areas  on  an  enlarged  micrograph  were  outlined  with  a  pencil  in  order 
to  facilitate  measurement.  All  measurements  were  carried  out  in  dupli- 
cate. It  took  from  one  and  one-half  to  two  hours  to  measure  the 
copper-areas  of  a  micrograph,  the  time  varying  with  the  clearness  with 
which  the  edges  of  the  eutectic  were  defined.  Thus,  samples  Number  5 
and  especially  Number  6  of  the  Calumet  and  Hecla  series  were  very 
difficult  to  measure.  In  calculating  the  percentage  of  cuprous  oxide  in 
the  eutectic,  the  figure  3.45  was  chosen,  being  the  average  of  Heyn's 
two  determinations,  3.4  and  3.5. 

The  degree  of  accuracy  of  the  measurements,  carried  out  at  least 
in  duplicate,  is  shown  by  examples  in  Table  IV,  in  which  A-V  repre- 
sent the  copper  areas  of  one  sample. 

TABLE  IV.  —  Planimeter  Measurements  of  Copper  Areas. 


Copper  area. 

A. 

B. 

c. 

D. 

E. 

0.27 
0.27 

F. 

G. 

H. 

Square  inches    .   .   .  - 

2.36 
2.33 
2.35 

1.04 
1.04 

1.61 
1.61 

•      • 

2.24 
2.24 

•      • 

10.17 
10.13 
10.14 

2.56 
2.56 

■       • 

8.26 
8.27 

Copper  area. 

I. 

J. 

K. 

L. 

M. 

N. 

O. 

P. 

Square  inches     .   .  • .  * 

0.78 
0.78 

2.83 
2.83 

7.90 
7.87 
7.86 

4.57 
4.57 

3.20 
3.20 

• 

5.22 
5.20 
5.20 

3.39 
3.42 
3.40 

3.14 
3.12 
3.12 

Copper  area. 

Q. 

R. 

S. 

T. 

U. 

V. 

• 

Square  inches    .  .  .  * 

5.47 
5.45 

•      • 

6.57 
6.53 
6.57 

4.04 
4.01 
4.00 

2.21 
2.21 

2.91 
2.87 
2.84 
2.84 

2.80 
2.80 

•  • 

•  • 

1Made  in  Switzerland,  and  sold  by  the  Crosby  Steam  Gauge  and  Valve  Company, 
Boston,  Mass. 
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The  percentages  of  cuprous  oxide  resulting  from  the  measurements 
in  the  several  quadrapts  and  the  averages  are  given  in  Table  V. 


TABLE  V.  —  Planimeter  Measurements  of  Quadrants  of  Various  Samples. 


Sample. 


No.  3  (Boston  and  Montana)  . 
No.  3  (Calumet  and  Hecla)  .  . 
No.  4  (Calumet  and  Hecla) .  • 
No.  5  (Calumet  and  Hecla)  .  • 
No.  6  (Calumet  and  Hecla)  ■   • 


First 
quadrant. 

Second 
quadrant. 

Third 
quadrant. 

Fourth 
quadrant. 

0.58 

0.52 

0.36 

0.48 

2.34 

1.76 

1.22 

1.84 

2.00 

1.37 

1.95 

2.06 

1.00 

1.15 

0.31 

1.11 

0.39 

0.93 

0.61 

0.30 

Average  of 
quadrants. 


0.49 
1.79 
1.85 
0.89 
0.56 


It  will  be  seen  that  the  measurements  of  the  quadrants  of  a  sample 
show  some  discrepancies,  as  the  copper  islands  are  not  uniformly  dis- 
tributed in  the  eutectic  network.  An  excess  of  constituent  in  one 
quadrant  is,  however,  balanced  by  a  lack  in  another,  giving  on  the 
whole  a  very  satisfactory  average. 

The  results  obtained  by  fracturing  and  by  chemical  and  micro- 
scopical analysis  are  brought  together  in  Table  VI. 

The  features  relating  to  fractures  have  already  been  summarized. 
Comparing  the  cuprous-oxide  content  obtained  by  chemical  analysis 
and  by  planimetric  measurement,  it  will  be  seen  that  the  percentage 
of  cuprous  oxide  found  by  analysis  in  the  Boston  and  Montana  sample 
Number  3,  and  in  the  Calumet  and  Hecla  samples  Numbers  3  and  4, 
is  somewhat  higher  than  that  by  measurement.  This  may  be  due  to 
the  fact  that  the  chemical  analysis  gives  the  total  oxygen  —  that  of  the 
copper  as  well  as  that  of  the  impurities  —  while  measurement  gives 
only  the  oxygen  of  the  copper.  That  the  oxygen  found  by  analysis 
in  the  Calumet  and  Hecla  samples  Numbers  5  and  6  is  lower  than 
that  obtained  by  measurement  is  probably  due  to  the  segregation  of 
the  cuprous  oxide  in  the  eutectic,  causing  the  latter  to  spread  some- 
what. Taking  the  results  as  a  whole,  they  show  that  area  measure- 
ments of  enlarged  micrographs  of  pure  coppers  containing  less  oxygen 
than  the  eutectic  give  good  valuations  of  the  oxygen-content.  Further, 
it  seems  entirely  feasible  to  make  quickly  a  close  estimation  of  the  per- 
centage of  cuprous  oxide  contained  in  a  sample  of  copper  by  simply 
examining  a  polished  surface  with  the  microscope,  when  once  some 
experience  has  been  gained.     The  mode  of  operating  might  be  as  fol- 
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lows :  to  take  a  button-sample,  cool  it  slowly,  and  quench  it  when  it 
had  solidified,  cut  out  a  piece  with  a  circular  saw,  grind  it  smooth  on 
a  number  of  revolving  wooden  disks  covered  with  emery-cloth  or  on 
revolving  files,  polish  with  rouge  and  water  on  a  revolving  disk  covered 
with  broadcloth  (a  mirror-like  surface  would  not  be  necessary),  and 
estimate  with  the  microscope  the  percentage  of  cuprous  oxide  present. 
The  whole  operation  could  be  done  in  from  six  to  eight  minutes.  The 
poling  could  then  be  controlled  by  the  microscope,  and  the  degree  of 
pitch  desired  for  ingot-,  large  or  small  cake-,  wire-bar-,  or  electrode- 
copper  defined  by  a  readily  ascertainable  amount  of  cuprous  oxide 
that  should  be  present. 

In  conclusion,  we  wish  to  thank  Professors  Richards  and  Fay  for 
many  valuable  suggestions  made  during  the  course  of  the  investigation. 
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GEOLOGY  OF  THE  WESTON  AQUEDUCT  OF  THE  MET- 
ROPOLITAN  WATER  WORKS  IN  SOUTHBORO,  FRAM- 
INGHAMy  WA  YLAND,  AND  WESTON,  MASSACHUSETTS. 

By  W.  O.  CROSBY. 

Introduction. 

This  new  aqueduct  of  the  Metropolitan  Water  Works,  nearly 
fourteen  miles  in  length,  and  now  recently  completed,  traverses  in 
a  general  east-west  direction  the  region  of  crystalline  rocks  lying 
immediately  to  the  west  of  the  Boston  Basin.  In  fact,  the  aqueduct 
may  be  regarded  as  affording  an  east-west  section  of  the  western  rim 
of  the  Boston  Basin.  This  is  an  area  of  almost  unbroken  drift  depos- 
its, and  the  widely  scattered  and  often  obscure  or  uncertain  outcrops 
are  quite  insufficient  to  give  a  clear  idea  of  the  geological  structure. 
The  drift  itself  is  chiefly  modified,  and  hence  of  little  value  as  a  clue 
to  the  immediately  underlying  bed  rock.  Across  the  broad  plains  of 
stratified  sand  and  gravel,  which  rise  but  little  above  the  200-foot 
contour,  the  aqueduct  rarely  encounters  the  bed  rock ;  but  where  it 
pierces  the  till-clad  hills  it  is  almost  constantly  in  solid  rock,  showing 
that  these  elevations,  although  typically  drumloid  in  form,  are  really 
prominent  rock  protuberances  more  or  less  thickly  veneered  with  till, 
or  ground  moraine.  This  study  was  restricted  to  the  hard  rocks 
almost  exclusively,  and  it  is  proposed  to  notice  the  drift  only  inci- 
dentally where  it  presents  features  of  special  interest  that  might 
otherwise  escape  observation  and  record.  In  fact,  the  special  pur- 
pose of  this  paper  is  to  place  on  record  the  principal  facts  in  regard 
to  the  character  and  structure  of  the  hard  rocks  which  were  exposed  to 
observation  only  temporarily  during  the  construction  of  the  aqueduct, 
!  and  since  the  rocks  were  rarely  encountered  except  in  the  tunnels,  it 
is  to  the  geology  of  the  tunnels  especially  that  the  paper  relates. 

The  aqueduct,  the  general  course  .of  which  is  shown  on  the  accom- 
panying map,  embraces  five  tunnels,  ranging  from  600  to  5,686  feet, 
and  aggregating  12,165  feeti  *n  length.     These  may  conveniently  be 
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designated  by  number,  beginning  with  the  most  westerly ;  and  distances 
on  the  line  of  the  aqueduct  find  convenient  expression  in  the  engineers' 
station  numbers. 

Tunnels  i,  2,  and  3,  it  will  be  observed,  are  near  the  western  end 
of  the  aqueduct,  and  tunnels  4  and  5  near  the  eastern  end,  while  mid- 
way between  these  two  groups  of  tunnels  we  have  the  broad  valley  of 
the  Sudbury  River  and  an  unbroken  expanse  of  modified  drift.  The 
distance,  following  the  line  of  the  aqueduct,  between  tunnel  Number  3 
and  tunnel  Number  4  is  39,65 1  feet ;  but  tunnel  Number  4,  the  longest 
of  the  series,  would  be  far  longer  but  for  the  fact  that  the  aqueduct 
makes  the  great  bend  to  the  north  in  Wayland  to  pass  around  Reeves 
Hill.  The  elevation  of  the  floor  of  the  aqueduct  ranges  from  about 
215  feet  at  the  western  end  near  the  Sudbury  Dam  to  200  feet  at  the 
eastern  end  south  of  Doublet  Hill  in  Weston. 

A  systematic  presentation  of  the  facts  temporarily  brought  to 
light  during  the  construction  of  the  aqueduct  will  be  followed  by 
such  generalizations  as  they  seem  to  warrant. 

The  Sudbury  Dam. 

The  central  part  or  spillway  of  this  dam,  the  construction  of  which 
brought  into  existence  the  great  reservoir  known  as  Basin  Number  5, 
rests  upon  ledges  of  granite  and  metamorphic  sediments  which  are 
clearly  older  than  the  granite.  The  sediments  consist  chiefly  of  quartz- 
ite,  mostly  of  a  compact  and  slaty  character  and  shading  into  well- 
defined  and  distinctly  fissile  mica  schist.  As  now  exposed  at  the  foot 
of  the  dam,  about  75  feet  in  breadth  of  these  strata,  striking  approx- 
imately east-west  and  dipping  north  about  45  degrees,  is  bordered  in 
that  direction,  or  northward,  by  a  similar  breadth  of  granite,  through 
the  middle  of  which  runs  a  layer,  2  to  3  feet  in  breadth,  of  a  very  soft 
and  highly  fissile  mica  schist,  showing  the  same  dip  and  strike  as  the 
main  body  of  schist  and  quartzite.  The  granite  contacts  are  thus  seen 
to  be  structurally  conformable,  but  that  they  are  entirely  igneous  there 
seems  no  reason  to  doubt.  The  granite  is  the  rather  coarsely  crystal- 
line, pinkish,  biotite  granite  characteristic  of  the  region  and  related  in 
character  to  the  granite  quarried  in  Milford.  The  structure  of  the 
granite  is  massive  in  the  main,  but  near  the  contact  with  the  sedi- 
mentary rocks  it  becomes  much  finer  in  grain  and  distinctly  gneissoid, 
this  lamination  being,  apparently,  best  interpreted  as  an  original  flow 
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structure.  It  is  on  the  fluidal  structure  of  the  granite  that  we  must 
depend  chiefly  for  proof  of  its  igneous  relation  to  the  sediments,  the 
metamorphism  of  which,  it  may  be  assumed,  dates,  chiefly  at  least,  from 
the  intrusion  of  the  granite.  It  may  be  noted,  however,  that  several 
obscure  apophyses  of  the  granite  penetrate  the  metamorphic  rocks. 

The  borings  and  excavations  made  in  connection  with  the  construc- 
tion of  the  Sudbury  Dam  show  that  the  surface  of  the  bed  rock,  while 
somewhat  uneven  or  ridgy,  lies  mainly,  as  in  the  natural  outcrops, 
between  elevations  195  and  220;  but  a  boring  400  feet  northwest 
from  the  gatehouse  gives  the  elevation  of  the  ledge  as  about  171  feet. 
This  boring  indicates  a  quite  deep  bed-rock  valley,  the  course  of  which 
must,  apparently,  lie  across  the  southwest  end  of  the  dam  where  a 
deep  excavation  for  the  foundation  of  the  dam  failed  to  expose  the  bed 
rock.  This  supposition  appears  to  be  necessary  because  the  indications 
are  very  plain  that  toward  the  northeast  end  of  the  dam  the  undulating 
bed-rock  surface  continues  to  rise,  although  it  is  covered  here  by  from 
20  to  30  feet  of  drift.  The  large  mass  of  rock  directly  above  the 
northeast  end  of  the  dam  is  quite  possibly  a  bowlder,  but,  if  so,  it  is 
probably  resting  on  or  near  the  surface  of  the  ledge.  Between  500 
and  600  feet  northwest  of  this  point  on  the  shore  of  the  reservoir,  at 
elevation  260,  are  ledges  of  quartzite,  and  on  the  summit  and  eastern 
slope  of  this  ridge,  bounding  the  reservoir  on  the  northeast  and  almost 
directly  opposite  the  end  of  the  dam,  are  prominent  ledges  of  granite. 
There  seems  to  be  no  reason  to  doubt,  therefore,  that  this  is  mainly  a 
rock  ridge  thinly  covered  with  drift  and  forming  here  the  northeast 
slope  of  a  valley,  the  rock  bottom  of  which  lies,  as  stated,  mainly 
between  elevations  220  and  195  ;  but  through  this  valley  there  prob- 
ably runs  a  narrow,  inner  valley  or  gorge,  the  rock  bottom  of  which 
must  be  at  least  as  low  as  170.  In  other  words,  the  bed  rock  exposed 
or  proved  under  the  middle  and  northeasterly  portions  of  the  dam  may 
be  regarded  as  a  sort  of  uneven  t  Trace  between  the  hypothetical  gorge 
toward  the  southwest  and  the  rocky  ridge  toward  the  northeast: 

Tunnkl  Number  i. 

This  tunnel,  704  feet  in  length,  pierces  the  narrow  and  steep-sided 
southeastern  extension  of  the  ridge  which  bounds  the  reservoir  on  the 
northeast.  The  contours  of  the  ridge  are  here  distinctly  drumloid, 
and  the  tunnel  has  confirmed  the  indication  of  the  preliminary  borings 
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that  this  part  of  the  ridge  consists  wholly  of  drift,  showing  that  be- 
tween the  northeast  end  of  the  dam  and  the  tunnel  the  bed  rock  falls 
off  rather  abruptly.  The  western  end  of  the  tunnel  cuts  through  the 
bottom  of  a  large  and  deep  borrow  pit  in  typical  till,  and  all  the  surface 
indications  are  favorable  to  the  view  that  the  ridge  consists  throughout 
of  till,  or  ground  moraine.  This  is  proved  to  be  the  case,  however, 
only  toward  the  northeast  side  of  the  ridge.  For  more  than  half  its 
length  from  the  western  end  the  tunnel  is  wholly  in  stratified  clay  in 
which  stones  are  sprinkled  more  or  less  freely,  the  stones  varying 
in  size  from  minute  fragments  up  to  masses  a  foot  or  more  in  diam- 
eter. At  some  points  the  stones  are  bunched  so  as  to  give  the 
appearance  of  a  true  bowlder  clay ;  but  there  are  numerous  streaks 
and  patches  of  fine  sand  and  quartz  flour  in  the  clay,  and  the  strati- 
fication of  the  clay  is  fairly  distinct  at  most  points,  although  every- 
where much  disturbed  and  even  contorted,  being  rarely  horizontal  and 
■sometimes  nearly  vertical.  Upward  the  stratified  clay  seems  to  be 
somewhat  intermingled  or  mixed  with  the  till,  and  the  junction,  if  not 
lacking  in  distinctness,  is  at  least  very  irregular.  The  stratified  clay 
clearly  indicates  a  temporary  recession  of  the  ice  sheet  and  a  body  of 
standing  water,  with  floating  ice  as  an  explanation  of  the  erratics  in 
the  clay.  In  the  subsequent  readvance  of  the  ice  we  have  a  natural 
explanation  of  the  thrust  which  has  disturbed  and  contorted  the  clay. 

That  the  stratified  clay  is  local  and  confined  to  comparatively  low 
levels  is  indicated  by  the  fact  that  it  was  not  found  in  the  northeastern 
end  of  the  tunnel,  nor  in  the  borrow  pit  on  the  southwest  side  of  the 
reservoir,  nor  in  the  old  brickyard  near  the  railroad. 

From  the  eastern  end  of  tunnel  Number  I  the  aqueduct  crosses 
half  a  mile  of  approximately  level  modified  drift  to  the  western  end 
oi  tunnel  Number  2. 

Tunnel  Number  2. 

This  tunnel,  with  its  western  portal  at  Station  42  +  20,  has  a  length 
<of  3,0 1 5  feet,  all  the  way  in  rock ;  and  the  approaches  to  the  tunnel 
increase  the  continuous  rock  section  to  3,200  feet  or  approximately 
Irom  Station  42  +  00  to  74  +  00. 

Granitic  Rocks, — The  rock  is  chiefly  a  coarse-grained  biotite  granite, 
varying  from  gray  to  pinkish  in  color.  The  biotite  is  in  general,  how- 
ever, very  much  affected  by  hydration  and  chloritization ;  and  ill-defined 
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.greenish  stains  of  both  epidote  and  chlorite  are  common  features  of 
the  granite,  the  epidote  apparently  derived  from  the  feldspar  and  the 
chlorite  from  the  biotite.  The  quartz  is,  in  the  main,  finely  granulated. 
There  is  much  evidence  of  shearing  and  crushing,  well-defined  shear 
zones  are  of  frequent  occurrence,  and  a  large  part  of  the  granite  is 
in  a  semi-crushed  condition  with  the  incipient  fragments  enveloped  by 
films  of  secondary  sericite. 

Toward  the  eastern  end  of  the  tunnel  the  granite  is,  aside  from 
the  shear  zones,  more  commonly  of  a  gneissoid  character,  and  in 
some  parts,  especially  east  of  Station  68  +  oo>  the  lamination  is  very 
strongly  marked.  Where  most  typically  developed,  the  quartz  and 
feldspar  individuals  are  drawn  out  into  thin,  unbroken  lenses.  The 
strike  of  the  lamination  or  gneissic  structure  is  usually  about  east- 
west  or  east-northeast,  approximately  parallel  with  the  tunnel,  and  it 
dips  to  the  north  at  high  angles.  Both  the  normal  and  gneissoid 
granites  are  cut  by  occasional  irregular  dikes  and  masses  of  a  fine- 
grained, pinkish  granite.  This  fine  granite  is  poor  in  mica  and  of  a 
distinctly  aplitic  character. .  The  granite  is  throughout  much  jointed, 
and  especially  noticeable  is  a  series  of  master  joints,  trending  in  a 
general  east-west  direction  with  northerly  hade  and  often  accompanied 
by  shear  zones  and  slickensides. 

Basic  Dikes.  —  The  granitic  rocks  are  intersected  by  two  series  of 
basic  dikes,  one  series  trending  in  a  general  east-west  direction  with 
northerly  dip,  parallel  with  the  master  joints  just  referred  to  and  the 
gneissic  structure  of  the  granite,  while  the  other  has  a  nearly  due 
north-south  trend  and  is  approximately  vertical,  the  prevalent  hade 
being  at  a  low  angle  to  the  east.  The  two  series  of  dikes  are  strongly 
contrasted  in  character  as  well  as  in  trend  and  hade,  and  the  east-west 
series  is  clearly  the  older,  appearing  to  antedate,  in  part  at  least,  the 
movement  and  general  deformation  of  the  granite.  The  dike  rock  is 
dark  gray  to  black  in  color,  evidently  of  a  highly  basic  character. 
The  microscopic  examination  of  thin  sections  shows  that  the  north- 
south  dikes  consist  of  normal  diabase  with  numerous  beautifully  fresh 
and  very  slender  phenocrysts  of  plagioclase  in  a  finely  crystalline  or 
compact  ground  mass ;  and  there  seems  to  be  no  doubt  that  the  east- 
west  dikes  were  originally  of  similar  character ;  but,  having  shared  in 
the  deformation  of  the  granite,  they  are  themselves  highly  metamor- 
phic,  being  in  general  decidedly  micaceous  (biotitic)  and  chloritic  and 
often  exhibiting  a  marked  foliated   structure.     In  fact,  the  east-west 
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dikes  are  so  far  altered  that  without  clearly  exposed  contacts  they 
might  not  always  be  readily  identified  as  of  igneous  origin. 

The  east-west  dikes,  hading  north,  comformably  with  the  master 
joints,  20  to  60  degrees,  begin  at  the  western  portal,  where  a  dike  at 
least  15  or  20  feet  wide,  with  a  strong  hade  to  the  north,  fills  the  tun- 
nel, and  bearing  to  the  south  finally  passes  out  of  the  tunnel  at  Station 
43  +  5°-  A  second  dike  6  to  8  feet  wide,  with  similar  hade,  first 
appears  on  the  north  side  of  the  tunnel  at  Station  47  +  00  and  goes 
out  on  the  south  side  at  Station  47  +  50.  These  two  dikes  are  of 
fairly  massive  character  or  only  moderately  schistose,  but  toward  the 
eastern  end  of  the  tunnel,  where  the  gneissic  structure  is  most  marked 
in  the  granite,  the  dikes  of  this  series  are  also  most  highly  foliated, 
so  that  the  rock  would  often  pass  for  micaceous  (biotitic)  or  chloritic 
schist.  They  have  evidently  suffered  great  compression  and  dynamic 
metamorphism,  and  are  much  split  up  by  lenses  of  granite,  the  trap 
appearing  in  many  cases  to  have  been  forced  by  the  mechanical  pres- 
sure into  the  joints  or  seams  of  the  granite.  They  were  specially 
noted  east  of  Station  68  +  00,  where  the  east-west  joints  of  the  granite 
are  marked  by  several  very  distinct  zones  of  black  schist,  lying  at  all 
angles  and  varying  in  width  up  to  5  feet  or  more.  A  specially  inter- 
esting dike  of  this  series,  about  12  feet  in  width,  follows  the  south 
side  of  the  tunnel  from  about  Station  70  +  00  to  the  eastern  portal 
at  Station  72  +  60,  and  indefinitely  farther  along  the  open  cut,  its 
trend  being  almost  exactly  parallel  with  the  tunnel. 

The  north-south  dikes  were  observed  chiefly  in  the  eastern  half  of 
the  tunnel.  These  dikes  are  relatively  narrow,  varying  from  less  than 
1  foot  to  about  4  feet  in  width,  and,  as  previously  noted,  are  approxi- 
mately vertical,  with  a  prevalent  easterly  hade.  At  Station  66  +  60  a 
3-foot  vertical  dike  of  this  series  is  very  extensively  decomposed,  being, 
in  part,  completely  kaolinized.  It  is  cut  obliquely  by  a  vertical  fissure 
vein  containing  quartz,  calcite,  and  pyrite,  varying  in  width  from  3  to 
12  inches,  and  enclosing  many  angular  fragments  of  the  trap.  A  4-foot 
vertical  dike  of  this  series  showing  relatively  little  kaolinization  crosses 
the  tunnel  at  Station  68  +  60.  A  transverse  columnar  structure  is  well 
developed,  as  in  most  of  the  dikes  of  this  series  where  it  has  not  been 
obliterated  by  kaolinization.  At  the  eastern  portal,  Station  72  +  60,  a 
very  fresh  dike  of  this  series,  3.5  to  4  feet  wide  and  hading  east  25 
degrees,  cuts  the  large  east-west  dike  previously  described,  and  sends  a 
30-inch  branch  longitudinally  westward  into  the  large  dike.  Columnar 
jointing  is  well  developed  in  both  the  main  dike  and  the  branch. 
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Additional  features  of  interest  in  the  geology  of  this  tunnel  are  the 
development  of  more  or  less  epidote,  sometimes  in  the  granite  but 
usually  in  the  longitudinal  or  east-west  dikes,  and  the  occurrence  of 
well-marked  slickensides  of  hematite  in  some  of  the  joint  cracks  of  the 
granite. 

Tunnel  No.  3. 

This  tunnel  extends  from  Station  113+ 10  to  134+70,  all  the 
way  in  rock,  and  the  open  cut  beyond  the  eastern  portal  makes  the 
continuous  rock  section  approximately  2,400  feet.  It  pierces  a  broad 
and  somewhat  composite  drumloid  with  a  high  rock  foundation  and 
closely  bordered  on  the  west  by  a  relatively  low  drumloid  of  the  same 
type.  Beneath  the  slightly  marked  depression  separating  the  two 
drumloids,  between  Stations  121  +  50  and  122  +  00,  the  roof  of  the 
tunnel  is  in  bowlder  clay,  while  the  rock  section  remains  unbroken  in 
the  floor  of  the  tunnel. 

Granitic  Rocks,  —  The  western  portal  is  in  the  fine,  pinkish,  aplitic 
granite,  which  extends  nearly  to  Station  114  +  00.  Beyond  this  the 
normal  granite  prevails,  but. there  is  more  or  less  of  the  fine  granite 
alternating  with  it.  The  normal  granite  is,  in  part,  less  coarse  than  in 
tunnel  Number  2  and  rather  more  inclined  to  a  porphyritic  habit.  It 
is  rarely  distinctly  gneissoid,  but  shear  planes  and  sericitic  films  char- 
acterize nearly  all  parts  of  it,  so  that  it  is,  on  the  whole,  distinctly  less 
sound  and  stable  than  the  normal  granite  in  tunnel  Number  2. 

Basic  Dikes.  —  The  dike  phenomena  of  tunnel  Number  2  are 
repeated  in  this  tunnel,  and  both  series  are  well  developed. 

The  east-west  dikes  first  appear  at  the  western  portal,  which,  as 
noted,  is  in  fine  granite,  but  with  one  of  these  highly  altered  and 
foliated  dikes  exposed  at  the  bottom  on  the  south  side  and  hading 
north  as  usual.  Continuing  eastward,  the  dike  rises  nearly  to  the 
roof  and  then  rapidly  subsides  and  leaves  the  tunnel  about  40  feet 
from  the  portal,  its  full  width  being  nowhere  exposed.  Between 
Stations  114  +  05  and  114  +  35  a  foliated,  black  dike,  only  1  to  2 
feet  wide,  crosses  the  tunnel  obliquely,  coming  in  on  the  south  side 
and  going  out  on  the  north  side,  and  hading  southeast  40  degrees. 
This  phenomenon  is  repeated  between  Stations  1 1 5  +  45  and  1 1 5  +  65, 
a  dike  5.5  feet  wide  coming  in  on  the  south  and  going  out  on  the 
north  as  before  and  hading  southeast  20  to  30  degrees ;  and  again 
between  Stations  116+35  and  116  +  70  and  Stations  117  +  70  and 
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117  +  90,  the  dikes,  which  in  these  cases  are  from  6  inches  to  2  feet 
wide  and  nearly  vertical,  crossing  the  tunnel  obliquely  from  south  to 
north  as  before.  The  observations  were  not  continued  through  the 
middle  of  the  tunnel;  but  toward  the  eastern  portal  another  well- 
characterized  dike  of  this  series  was  noted  between  Stations  130+50 
and  1 30  -f-  90,  with  the  same  trend  and  hade  as  before.  The  relations 
of  these  dikes  to  the  tunnel  show  their  true  course  to  be  more  nearly 
northeast-southwest  than  east-west ;  and  it  is  interesting  to  observe 
that  they  are  throughout  parallel  with  the  principal  shear  zones  of  the 
'  granite. 

The  north-south  dikes  include  the  following,  and  probably  others  in 
the  middle  section  of  the  tunnel  which  have  escaped  observation.  At 
Station  119  +  75  a  3-foot  dike  hades  east  10  degrees.  It  is  cross 
jointed  and  divided  on  the  south  side  of  the  tunnel  by  a  slab  of  gran- 
ite from  4  to  6  inches  in  thickness.  A  similar  dike,  but  without  the 
inclusion  of  granite,  crosses  near  Station  122  +  00.  Farther  east 
the  following  group  of  dikes  occurs : 

Station  129  +  10,  width  3  feet,  hade  east  10  degrees. 
Station  129+  20,  width  4  feet,  hade  east  10  degrees. 
Station  129  +  90,  width  3.6  feet,  hade  east  10  degrees. 
Station  130.  +  15*  width  2.3  feet,  hade  east  20  degrees. 
Station  130  +  25,  width  1  foot,  hade  west  10  degrees. 
Station  131  +  80,  width  2.5  feet,  hade  east  15  degrees. 
Station  131-1-90,  width  2.5  feet,  hade  east  15  degrees. 
Station  131  +  95*  width  3.5  feet,  hade  east  15  degrees. 

The  north-south  dikes  of  this  tunnel,  like  those  of  tunnel  Number  2, 
are  usually  distinctly  cross  jointed  or  columnar  in  structure,  but  they 
are  distinguished  by  being  finer  grained,  and  the  lath-shaped  pheno- 
crysts  are  either  wanting  or  relatively  inconspicuous.  They  show 
throughout  a  marked  tendency  to  decompose,  or  weather,  into  a  rusty 
brown  earth,  and  the  samples  illustrate  every  stage  of  the  process. 

Tunnel  Number  4. 

This  tunnel  is  5,686  feet  long,  extending  from  Station  529  +  93  to 
586  +  79.  Like  tunnel  Number  3,  it  pierces  two  drumloids  of  very 
unequal  size,  the  eastern  drumloid  being  a  large  and  composite  hill  on 
the  lee  slope  of  which  the  outcrops  rise  almost  to  the  summit,  while  the 
western  drumloid  as  before  is  relatively  low  and  flat  and  shows  no  out- 
crops, so  that  it  might  fairly  be  called  a  drumlin.     The  floor  of  the 
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tunnel  is  in  rock  for  its.  entire  length,  but  through  the  western  hill 
the  roof  is  in  till  from  the  portal  to  Station  538  +  85,  or  nearly  900 
feet.  This  tunnel  is  not  only  longer,  but  it  is  geologically  much  more 
varied  than  any  of  the  others,  since  to  the  granitic  rocks  and  the  basic 
dikes  we  have  added  important  developments  of  metamorphic  sedimen- 
taries  and  of  diorite.  We  may  conveniently  describe  the  formations 
in  the  order  of  age,  and  then  trace  their  distribution  and  structural 
relations  from  west  to  east. 

Sedimentary  Rocks. — The  predominant  type  of  sedimentary  rock  is 
a  massive,  vitreous  quartzite,  varying  in  color  from  light  to  very  dark 
gray.  It  is  in  part  highly  crystalline  and  not  easily  distinguished 
from  ordinary  vein  quartz,  but  of  its  sedimentary  origin  there  can  be 
no  doubt,  and  in  large  part  it  is  a  very  normal  quartzite,  sometimes, 
very  distinctly  stratified  and  grading  through  more  compact  varieties 
into  a  more  or  less  siliceous  argillite  or  hornstone.  These  rocks  in 
all  their  various  phases  are  abundantly  displayed  in  the  stone  walls  of 
Weston,  but  are  rather  rarely  clearly  exposed  in  the  natural  ledges ; 
and  the  tunnel  afforded  a  very  exceptional  opportunity  to  determine 
their  structural  relations. 

Diorite. — The  diorite  appears  to  be  the  normal  type  so  abundantly 
and  widely  associated  with  the  granitic  rocks  of  eastern  Massachusetts, 
varied  in  texture  from  rather  coarsely  to  very  finely  crystalline,  and 
rather  seldom  porphyritic.  The  more  compact  varieties  are  dark  gray 
to  black  in  color,  and  the  ferro-magnesian  constituents  appear  to  include 
both  hornblende  and  biotite.  Secondary  epidote  and  chlorite  are  often 
abundant,  as  are  also  calcite  and  quartz,  the  latter  especially  occurring 
in  more  or  less  definite  veinlets  ramifying  through  the  diorite.  Not 
infrequently  also  the  diorite  is  distinctly  pyritiferous,  and  perhaps  this, 
too,  may  best  be  regarded  as  a  secondary  feature  of  the  composition,. 
as  is  suggested  by  the  occurrence  of  pyrite  in  the  veinlets  of  quartz 
and  calcite.  These  veinlets,  with  their  massive  structure  and  enclosed 
fragments  and  sheets  of  the  diorite  and  beautifully  slickensided  walls, 
are  clearly  of  exogenous  origin.  The  association  of  the  diorite  with 
the  metamorphic  sedimentaries  is  such  as  to  suggest  that  its  normal 
position  in  the  batholite  is  peripheral. 

Granitic  Rocks.  —  The  normal  and  fine  granites  do  not  differ  essen- 
tially from  the  corresponding  types  in  the  western  tunnels.  Much  of 
the  normal  granite  is  rather  exceptionally  coarse ;  it  is  in  part  distinctly 
porphyritic,  the  phenocrysts  of  bright  red  feldspar  being  sometimes  half 
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an  inch  to  an  inch  in  length ;  and  in  part  also  it  exhibits  a  very  per- 
fect gneissic  structure,  identical  in  character  with  that  described  in  the 
granite  of  the  western  tunnels.  Aside  from  the  gneissic  structure, 
the  normal  granite  is,  however,  rather  more  massive,  showing  less  shear- 
ing and  crushing  with  the  accompanying  sericitic  developments.  It  is, 
however,  very  generally  clouded  and  veined  with  epidote.  As  varia- 
tions from  the  normal  granite  we  have  veinlets  of  pegmatite  at  one 
extreme,  and  at  the  other  veinlets  and  larger  masses  of  fine  granite. 
Every  phase  of  the  granite  may  cut  and  enclose  both  the  diorite  and 
the  sedimentary  rocks,  although  the  fine  granite  occurs  most  charac- 
teristically in  this  relation.  In  the  deeper  parts  of  the  tunnel  the 
normal  granite  and  also  the  fine  granite  are  prevailingly  gray  rather 
than  reddish  in  color,  leaving  no  room  to  doubt  that  the  red  and  pink 
tints  are  the  result  of  superficial  oxidation. 

Basic  Dikes.  —  Trap  dikes  are  relatively  unimportant  throughout 
this  tunnel,  and  present  no  features  tending  to  differentiate  them  from 
the  dikes  in  tunnels  2  and  3. 

Distribution  and  Relations  of  the  Rocks.  —  Beginning  at  the  west- 
ern portal,  the  formation  is  essentially  all  diorite,  relieved  only  by 
occasional  dikelets  of  the  granitic  rocks,  for  approximately  2,000  feet ; 
quartzite  then  begins  to  appear,  and  east  of  Station  5  50 -|- 00  is  the 
prevailing  rock  for  several  hundred  feet.  Between  Stations  553 +  00 
and  553  +  20  an  irregular  mass  of  diorite  breaks  through  the  quartz- 
ite on  the  north  side  of  the  tunnel,  and  between  this  and  Station 
554  +  00  it  is  practically  all  quartzite  on  the  north  side  of  the  tunnel 
and  diorite  on  the  south  side.  Beyond  this  the  quartzite  begins  to 
assume  at  intervals  a  slaty  character,  and  alternates  frequently  with 
the  diorite,  the  contacts  being  always  sharp,  highly  irregular,  and 
clearly  igneous.  It  is  very  evident  that  we  have  in  this  section  of 
the  tunnel  a  perfect  complex  of  the  quartzite  and  diorite,  the  relations 
being  such,  however,  as  to  leave  no  doubt  that  the  diorite  is  the 
younger  and  intrusive  rock.  Notwithstanding  its  irregular  relations 
to  the  quartzite,  the  diorite  is  throughout  of  a  quite  remarkably  uni- 
form character,  varying  from  finely  crystalline  to  quite  compact  in 
texture,  and  often  characterized  by  veinlets  of  secondary  epidote  and 
calcite,  the  calcite  veinlets  especially  being  at  times  a  quite  striking 
feature  of  the  formation.  These  conditions  continue  practically  un- 
changed to  about  Station  569  +  00,  the  quartzite  becoming  in  this 
direction,  in  large  part,  of  a  slaty  character,  and  being  relieved  toward 
the  end  by  irregular  and  dike-like  intrusions  of  fine  granite. 
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Beyond  this  the  normal  granite  begins.  It  is  at  first  of  a  somewhat 
gneissic  character,  but  becomes  more  massive  eastward  or  away  from 
the  sedimentary  rocks,  although  for  a  considerable  distance  it  is  inter- 
rupted at  intervals  by  irregular  bodies  of  diorite  and  some  slate  and 
quartzite.  With  these  exceptions  the  normal  granite  is  practically 
unbroken  to  the  eastern  portal,  save  for  occasional  irregular  masses 
of  fine  granite,  the  smaller  and  more  dike-like  of  which  may  be  micro- 
crystalline  or  even  felsitic. 

Although  the  basic  dikes  are  few  in  this  tunnel,  both  series  are 
represented.  In  the  general  absence  of  shearing  and  crushing  in  the 
granite  and  diorite,  the  dikes  of  the  east-west  series  are  naturally  less 
schistose  in  structure  and  more  normal  in  composition,  while  the  north- 
south  dikes  show  no  essential  change  from  those  of  the  western  tun- 
nels. Among  the  north-south  dikes  we  have  larger  examples  than 
have  been  noted  before :  thus  between  Stations  538  +  60  and  538  +  95 
the  tunnel  is  crossed  by  a  rusty  or  highly  oxidized  dike  about  25  feet 
wide ;  another,  less  altered  and  about  20  feet  wide,  was  observed  near 
Station  552  +  50.  Other  examples  of  this  series  were  noted  at  Stations 
572  +  45  (3  feet  wide),  574+40  (14  feet  wide),  57^  +  95  (3  feet  wide), 
and  585  +  35  (2  feet  wide).  The  hade  of  the  north-south  dikes  is 
sometimes  east  and  sometimes  west,  but  usually  small,  although  one 
example,  only  6  to  10  inches  wide,  in  the  vicinity  of  Station  583  +  00, 
is  nearly  horizontal.  Possibly,  however,  this  is  a  branch  of  some  dike 
of  more  normal  attitude  —  and  in  this  connection  it  may  be  noted  that, 
in  the  diorite  especially,  and  with  the  feeble  illumination  of  the  tunnel, 
dikes  are  easily  overlooked. 

To  summarize  the  geology  of  tunnel  Number  4 :  we  have,  begin- 
ning at  the  west  end,  first,  approximately  2,000  feet  of  diorite  varied 
only  by  occasional  small  dikes  of  fine  granite  and  one  or  two  dikes  of 
trap ;  second,  nearly  2,000  feet  of  alternating  diorite  and  metamorphic 
sedimentary  rocks  (quartzite  and  flinty  slate  or  hornstone) ;  third,  nearly 
2,000  feet  of  normal  granite  with  a  few  included  masses  of  diorite  and 
of  quartzite  or  slate.  Basic  dikes  are  few,  and,  although  both  series 
are  represented,  present  no  novel  features,  save  that  the  longitudinal 
dikes  show  less  dynamic  metamorphism  than  in  the  western  tunnels. 

Near  the  eastern  end  of  the  tunnel,  or  east  of  Station  580  +  00, 
the  normal  granite  is  overlain  by  a  quite  remarkable  assemblage  of 
large  granite  bowlders,  many  of  them  10  to  20  feet  in  diameter.  We 
have  here  virtually  a  glacial  moraine  extending  in  a  general  northwest 
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and  southeast  direction  along  the  base  of  the  main  hill.  Excavations 
show  that  the  bowlders  are,  in  part,  closely  packed,  resting  directly  one 
on  another  with  only  enough  finer  material  to  fill  or  partially  fill  the 
interstices. 

Weston  Reservoir. 

The  construction  of  the  Weston  Reservoir  between  tunnels  4  and  5 
has  involved  a  large  amount  of  stripping  and  excavation  and  the  expo- 
sure of  the  bed  rock  over  considerable  areas,  especially  in  the  lower, 
eastern  part  of  the  basin  and  on  and  near  the  line  of  the  dam.  The 
formation  here  is  seen  to  be  chiefly  normal  granite  enclosing  a  small 
amount  of  diorite  and  alternating  with  some  large- as  well  as  small 
bodies  of  fine  granite.  In  some  cases  the  contacts  are  indistinct  or 
blending,  the  normal  granite  shading  into  the  fine  granite;  and  it  is 
obvious  that  in  this  region,  as  elsewhere  in  the  Boston  Basin,  the  fine 
granite  is  in  part  contemporaneous  with  or  older  than  the  normal 
granite,  and  in  part  a  later  intrusion. 

This  complex  of  granitic  rocks  is  cut  at  frequent  intervals  by  dikes 
of  greenstone  diabase  varying  in  width  up  to  15  feet  or  more.  The 
prevailing  trend  is  east-southeast,  but  they  are  very  irregular  and  much 
split  up  by  the  granite,  of  which  they  enclose  fragments  and  slabs. 
Nearly  all  are  highly  chloritized,  typical  greenstone,  but  a  few  are 
hard,  dark  gray,  and  finely  porphyritic.  They  correspond,  no  doubt, 
to  the  longitudinal  dikes  of  the  tunnels,  but  they  do  not  exhibit  any 
marked  foliation,  agreeing  in  this  respect  with  the  enclosing  diorite 
and  granite.     They  are,  however,  much   faulted  and  exhibit  a  good 
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degree  of  discontinuity.  No  dikes  of  the  north-south  series  were 
observed  in  this  area.  Between  the  dam  and  tunnel  Number  5  the 
excavation  for  the  aqueduct,  confirming  the  natural  ledges,  showed 
alternating  normal  and  fine  granite,  chiefly  the  former,  with  some 
diorite. 

Tunnel  Number  5. 

This  tunnel  is  600  feet  long,  extending  from  Station  665+00  to 
671+00,  all  in  rock,  and  the  open  cut  at  the  east  end  extends  the 
continuous  rock  section  to  fully  850  feet.  The  formation  is  practically 
all  diorite,  similar  to  that  in  the  western  part  of  tunnel  Number  4* 
with  numerous  irregular  dikes  and  masses  of  fine  granite  and  occasional 
narrow  veins  of  pegmatite. 
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Both  the  fine  granite  and  the  pegmatite  are  of  a  bright  pink  or 
reddish  color,  and  the  pegmatite  veins,  with  abundant  red  feldspar, 
grade  into  veins  of  nearly  pure  vitreous  quartz.  The  diorite  exhibits 
the  usual  gradation  in  texture  from  nearly  compact  to  a  moderately 
coarse  granitic  structure,  and  it  is  much  jointed  and  slickensided. 
Several  well-marked  shear  zones  or  possible  faults  were  observed,  and 
one  of  these,  4  to  6  inches  wide,  crosses  the  tunnel  at  the  east  portal 
nearly  at  right  angles,  with  an  easterly  hade  of  about  45  degrees. 

Although  the  conditions  were  exceptionally  good  for  a  thorough 
examination,  only  one  trap  dike  was  observed,  and  this  is  of  doubtful 
character,  being  possibly  a  highly  oxidized,  ferruginous,  and  decom- 
posed, dike-like  zone  of  the  diorite.  It  is  2  to  3  feet  wide,  and  crosses 
the  cut  east  of  the  tunnel  at  Station  672  +  05. 

Between  tunnel  Number  5  and  the  terminal  chamber  of  the  aque- 
duct, a  distance  of  3,600  feet  around  the  south  side  of  Doublet  Hill, 
the  ledges  are  numerous  and,  together  with  the  excavation,  afford  a 
nearly  continuous  section ;  and  nowhere  perhaps  on  the  entire  line  of 
the  aqueduct  does  it  traverse  a  more  typical  complex  of  the  granitic 
rocks.  The  diorite  prevails,  especially  near  the  tunnel  and  again  for 
the  last  thousand  feet  or  so  before  reaching  the  terminal  chamber, 
while  the  middle  part  of  the  section  is  chiefly  normal  granite  with 
some  fine  granite,  and  the  terminal  station  itself  rests  upon  the 
normal  granite.  The  main  point,  however,  is  the  frequent  alterna- 
tions and  wholly  irregular  relations  of  these  rocks,  the  diorite  even 
where  most  continuous  being  divided  by  dikelets  and  masses  of  both 
normal  and  fine  granite,  and  the  granite  in  turn  enclosing  and  inject- 
ing the  diorite.  Several  dikes  of  greenstone  diabase  with  a  general 
east-west  trend  were  observed.  These  are  of  similar  character  to  those 
observed  in  the  basin  of  the  reservoir,  and,  as  there,  no  dikes  of  the 
north-south  series  were  noted.  This  is  not  surprising,  however,  so 
far  as  the  natural  ledges  are  concerned,  since  the  ready  and  deep 
decomposition  of  the  north-south  dikes  makes  them  little  likely  to 
outcrop. 

Age  and  General  Relations  of  the  Rocks. 

The  only  definite  clue  to  the  stratigraphic  position  or  geologic  age 
of  these  rocks  appears  to  be  that  afforded  by  the  metamorphic  sedi- 
ments, which  are  clearly  and  well  developed  only  «in  the  vicinity  of 
the  Sudbury  Dam  and  in  tunnel  Number  4.     Their  extreme  alteration 
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has  long  since  obliterated  the  last  vestige  of  paleontological  evidence, 
if  such  ever  existed ;  and  the  only  grounds  for  legitimate  inference 
appear  to  be  lithologic  character  and  relations  to  the  granitic  series, 
assuming  the  general  contemporaneousness  or  geologic  equivalence  of 
the  plutonic  rocks  throughout  this  section  and  the  Boston  Basin  dis- 
trict. The  sediments  are  clearly  older  than  any  of  the  igneous  rocks 
with  which  they  are  associated,  and  the  latter  are,  doubtless,  at  least 
as  old  as  the  corresponding  rocks  of  the  Blue  Hills  and  Weymouth, 
which  intersect  strata  of  proved  Cambrian  age  and  are  overlain  by 
Carboniferous  sediments.  That  the  sedimentary  rocks  on  the  line  of 
the  Weston  Aqueduct  in  Southboro  and  Weston  are  either  Cambrian 
or  older  would  probably  be  questioned  by  none.  The  strong  proba- 
bility that  the  plutonic  rocks  of  the  Boston  Basin  region,  if  not  of 
all  eastern  Massachusetts,  represent  but  varying  phases  of  one  and 
the  same  great  batholith  developed  during  the  Cambrian-Carboniferous 
interval,  and  the  complete  absence  in  the  Blue  Hills  complex  of  any 
trace  of  the  floor  on  which  the  known  Cambrian  sediments  were 
deposited,  the  pre-Cambrian  terranes,  together  with  large  volumes  of 
the  Cambrian  strata,  having  been  absorbed  in  the  development  of  the 
batholith,  seem  to  leave  no  reason  to  doubt  the  Cambrian  age  of  all 
of  the  pre-granitic  strata;  or  at  least  that  may  be  accepted  as  the 
most  probable  provisional  hypothesis.  The  quartzites  and .  slates  on 
the  line  of  the  Weston  Aqueduct,  it  is  well  known,  are  continued  to 
the  northeastward,  with  similar  plutonic  associations,  through  Lincoln, 
Walthani,  Lexington,  Arlington,  Woburn,  Stoneham,  and  other  towns 
to  the  Merrimac  and  the  sea,  and  southwestward  through  Natick  and 
Sherborn,  and  ppssibly  farther.  Throughout  this  belt  the  sediments 
are  chiefly  quartzites  grading  into  flinty  slates  and  hornstones,  which 
may  be  more  or  less  micaceous,  but  including  to  the  northeastward 
in  Stoneham  and  other  towns,  as  also  on  the  peninsula  of  Nahant, 
calcareous  beds;  and  that  these  isolated  masses  of  sediments,  repre- 
senting a  once  continuous  sedimentary  cover  of  the  batholith,  are  best 
referred  provisionally  to  the  Cambrian  is,  I  believe,  the  general  con- 
sensus of  opinion  among  students  acquainted  with  the  facts,  more 
especially  since  the  Cambrian  age  has  been  definitely  determined  at 
several  points,  including  Nahant,  by  the  finding  of  characteristic  fos- 
sils by  Sears  and  others.1     A  glance  at  the  distribution  of  the  sedi- 


1  Bulletin  Essex  Institute,  22,  1-17;  23,  1-16. 
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ments,  essentially  as  islands  in  a  sea  of  plutonic  rocks,  together  with 
their  metamorphic  character,  leaves  no  room  to  doubt  that  the  contacts 
are  everywhere  igneous,  as,  in  fact,  the  structural  details  clearly  show. 

The  intimate  association  of  the  diorite  with  the  metamorphic 
sediments  in  tunnel  Number  4,  as  throughout  the  Cambrian  belt  of 
Middlesex  and  Essex  Counties,  suggests  for  it,  as  previously  noted, 
a  peripheral  position  in  the  batholith ;  and  in  view  of  the  fact  that 
in  its  relations  to  the  granite  it  is  seen  always  to  be  the  older  rock, 
although  often  clearly  related  to  the  granite  in  composition,  we  need 
not  doubt  that  it  is  an  earlier  crystallization  of  the  same  magma  and 
a  product  of  magmatic  differentiation,  nor  that  it  formed  originally  a 
more  or  less  continuous  contact  zone  between  the  main  granite  body  of 
the  batholith  and  its  cover  of  Cambrian  sediments.  That  the  principal 
bodies  of  fine  granite  with  blending  contacts  hold  a  somewhat  similar 
relation  to  the  normal  granite,  a  product  chiefly,  however,  of  textural 
rather  than  of  chemical  differentiation,  is  obvious,  while  the  sharply 
defined  dikes  of  fine  granite  and  microgranite  as  clearly  represent 
later  intrusions  of  still  unsolidified  magma. 

The  fact  that  the  true  gneissic  structure  of  the  normal  granite  is 
developed  only  locally,  and  for  the  most  part,  at  least,  marginally  or 
near  a  contact  with  the  sedimentary  rock  or  diorite,  suggests  its  origin 
as  a  primary  flow  structure,  as  has  been  urged  in  the  case  of  the  great 
dike  of  granite  porphyry  with  gneissic  borders  in  the  vicinity  of  Clinton, 
Massachusetts.1  The  effects  of  dynamic  metamorphism  are,  however, 
very  manifest  in  extensive  semicrushing  and  frequent  shear  planes  and 
zones,  which  are  more  marked  in  the  western  than  in  the  eastern  part 
of  the  field,  and  have  to  a  great  extent  impaired  the  strength  and  solid- 
ity of  the  granite.  Aside  from  the  original  and  secondary  structure 
planes,  the  granites  are  of  uniform  character  throughout  the  field,  or 
at  least  there  are  no  contrasts  that  would  suggest  diversity  of  age 
or  origin.  On  the  contrary,  the  facts  all  appear  to  be  consistent  with 
the  view  that  under  a  common  cover  of  siliceous  and  argillaceous  strata, 
a  magma,  resulting  in  large  part  from  the  fusion  and  absorption  of 
these  sediments,  has  yielded  by  the  processes  of  magmatic  differentia- 
tion (chemical  and  textural)  the  various  members  of  the  granitic  series, 
including  the  normal  granite,  forming  the  main  body  of  the  batholith, 
the  diorite  and  fine  granite  of  the  contact  zone,  and  the  later  intru- 
sions of  fine  granite.     Although  assumed  to  have  been  formed  in  situ 


1  Technology  Quarterly,  xa,  95-96. 
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by  a  progressive,  upward  refusion  of  a  previously  solidified  portion  of 
the  terrestrial  crust,  subsequent  movement  of  the  actually  or  poten- 
tially liquid  magma  sufficient  to  render  it  locally  intrusive  is  indicated 
by  the  marginal  gneissic  structures  and  by  the  innumerable  dikes  and 
dikelets  of  granite  in  the  diorite,  and  of  both  granite  and  diorite  in  the 
covering  sedimentary  rocks. 

One  of  the  most  interesting  generalizations  in  the  geology  of  the 
Boston  Basin,  first  clearly  worked  out  in  the  South  Shore  districts,1  is 
that  the  post-granitic,  basic,  or  diabase  dikes  belong  to  two  series  dis- 
tinct in  character,  trend,  and  age  —  an  older  series  of  approximately 
east-west,  greenstone  or  highly  chloritized  dikes,  and  a  younger  series 
of  north-south,  relatively  non-chloritized  dikes,  which  are  farther  charac- 
terized by  a  prevalent  columnar  structure  and  ready  kaolinization.  In 
no  part  of  the  Boston  Basin  region,  apparently,  are  these  two  series 
more  strongly  contrasted  in  composition,  structure,  or  age  than  on  the 
line  of  the  Weston  Aqueduct.  The  contrast  increases  westward,  and 
is  largely  due  to  the  fact  that  the  older,  east-west  series,  antedating 
the  crushing  and  shearing  of  the  granitic  rocks,  has  shared  in  the 
dynamic  metamorphism  of  the  latter,  developing  a  marked  schistosity 
and  such  a  preponderance  of  biotite  in  the  composition  as  has  seemed 
to  prove  a  bar  to  the  general  chloritization  of  the  ferro-magnesian 
constituents  noted  farther  eastward. 

The  best  conclusion  in  regard  to  the  chronology  of  the  basic  dikes 
seems  to  be  that  the  older,  metamorphic  series,  as  well  as  the  dynamic 
metamorphism  of  the  granitic  rocks,  dates  from  the  Appalachian  Revo- 
lution, or  the  folding  and  faulting  of  the  Carboniferous  sediments  (con- 
glomerate and  newer  slate)  of  the  Boston  Basin ;  and  in  this  connection 
it  is  interesting  to  note  at  least  a  general  agreement  in  trend  and  hade 
of  these  dikes  and  the  axial  planes  of  the  Carboniferous  plications.  In 
the  north-south  dikes,  on  the  other  hand,  we  note  features  of  trend, 
structure,  and  composition  which  ally  them  with  the  Triassic  dikes  of 
the  Atlantic  seaboard,  which,  it  is  well  known,  are  by  no  means  con- 
fined to  the  areas  of  Triassic  sedimentation,  and  represent  a  period 
when  the  crust,  stiffened  by  the  Appalachian  plications,  suffered  further 
deformation  by  faulting  rather  than  by  folding. 


1  Occasional  Papers  Boston  Society  Natural  History,  4,  107,  258,  513. 
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PETROGRAPHICAL  NOTES  ON  THE  ROCKS  OF  THE 

WESTON  AQUEDUCT 

By  C.  H.  WARR^. 

The  following  notes  are  designed  to  present  the  results  of  a 
microscopical  study  of  some  of  the  igneous  rocks  met  with  in  the 
tunnels  of  the  Weston  Aqueduct.  The  macroscopic  characters  and 
structural  relations  are  fully  discussed  in  the  preceding  pages  by 
Professor  Crosby,  so  that  what  follows  is  supplementary  to  his  paper. 

Dikes  of  the  East  and  West  Series,  —  Thin  sections  from  dikes  of 
the  east  and  west  series  show  that,  so  far  at  least  as  mineralogical 
composition  is  concerned,  there  are  two  distinct  rocks.  One  of  these 
is  characterized  by  an  abundance  of  hornblende,  and  may  be  designated 
for  convenience  as  a  hornblende  rock.  In  the  other,  biotite  is  the  most 
important  constituent,  and  the  rock  may  be  termed  a  biotite  schist. 

Of  the  first  type,  sections  have  been  examined  from  dikes  near 
Stations  Numbers  42  +  20  and  72  +  00.  Sections  from  42  +  20  show 
the  rock  to  consist  of  a  confused,  fine-grained  aggregate  of  hornblende, 
epidote,  feldspar,  and  quartz,  with  a  subordinate  amount  of  biotite  and 
chlorite.  Of  these,  the  first  two  comprise  somewhat  more  than  half 
of  the  rock. 

The  hornblende  belongs  to  the  green,  uralitic  variety,  and  is  the 
most  abundant  and  conspicuous  mineral  present.  It  lacks  entirely  any 
crystallographic  boundaries  of  its  own,  although  an  occasional  one  of 
the  larger  individuals  preserves  rather  indistinct  outlines  of  an  original 
augite  phenocryst.  Much  of  the  hornblende  is  scattered  through  the 
rock  in  the  form  of  small  shreds  and  flakes.  Besides  having  the  char- 
acteristic reedy  appearance,  much  of  it  is  bent  and  twisted.  With  low 
magnifying  powers  a  flow  structure  can  be  seen,  which  is  due  to  a 
tendency  toward  a  parallel  arrangement  of  the  hornblende.  The  pleo- 
chrism  is  strongly  marked  as  follows :  A,  pale  yellowish  green  to  nearly 
colorless;  B,  green;  C9  greenish  blue.  The  absorption  is  A>C>B. 
The  maximum  extinction  measured  was  230  on  c1 ,     It  may  be  remarked 
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that  the  blue  pleochrism  is  unusually  strong,  and  that  the  absorption 
does  not  follow  the  usual  order  for  common  hornblende. 

The  hornblende  has  suffered  considerable  alteration  to  chlorite, 
which  occupies  the  position  of  the  original  mineral  and  closely  resem- 
bles it,  being,  however,  readily  distinguished  by  the  very  low  polarization 
tints. 

Epidote  is  very  abundant.'  It  occurs  in  well-marked,  rounded  crys- 
tals, rarely  exceeding  6.3  millimeter  in  diameter,  and  ranges  from  this 
to  extremely  minute  grains.  It  is  also  commonly  seen  in  very  fine 
granular  aggregates.  The  epidote  is  nearly  colorless,  the  larger  grains 
showing  a  slight  yellowish  pleochrism. 

Although  the  feldspar  of  the  rock  occurs  in  very  irregular  individ- 
uals with  indistinct  boundaries,  the  general  habit  is  that  of  crystals 
tabular  on  M  (010).  The  mineral  has  suffered  severely  from  crushing 
and  metamorphism.  Traces  of  carlsbad  and  albite  twinning  can  be 
seen,  but  the  extinctions  are  undulatory  and  too  uncertain  to  permit 
of  an  exact  determination.  The  measurements  made,  however,  point 
to  a  moderately  basic  labradorite.  The  comparatively  large  size  of 
some  of  the  feldspars  indicates  that  the  mineral  was  to  some  extent 
porphyritic.  The  crystals  are  crowded  with  minute  crystal  inclusions* 
.  some  of  which  are  epidote,  others  appear  to  be  albite,  while  more,  which 
are  possibly  sillimanite,  could  not  be  determined.  Calcite  and  kaolin 
were  not  noticed. 

Quartz  is  abundant  and  is  evidently  of  secondary  origin.  It  is 
intimately  associated  with  the  feldspar  in  the  form  of  small  grains, 
which  are  often  crowded  with  minute  inclusions.  The  light-colored 
areas  of  the  section  consist  of  a  confused  mixture  of  feldspar,  quartz, 
shreds  of  hornblende,  chlorite,  and  grains  of  epidote. 

The  biotite  is  of  the  ordinary  brown  variety,  and  appears  in  the 
form  of  irregular  shreds  intimately  associated  with  the  hornblende. 

Sections  from  the  dike  near  Station  71+00  bear  some  strong 
points  of  resemblance  to  the  preceding.  It  differs  from  it,  however, 
in  containing  a  much  greater  proportion  of  hornblende  and  biotite,  in 
rarely  showing  large  grains  of  epidote,  and  in  the  almost  total  lack  of 
feldspar.  The  hornblende  and  biotite  have  the  same  general  appear- 
ance as  described  under  42  +  20,  although  there  is  a  more  pronounced 
tendency  toward  a  uniform  orientation  and  segregation  into  streams  or 
roughly  outlined  bands.  The  epidote  appears  much  more  commonly 
in  finely  granular  aggregates  scattered  through  the  rock.     The  epidote 
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with  quartz,  shreds  of  hornblende,  biotite,  chlorite,  and  an  occasional 
feldspar  grain  constitute  a  very  fine-grained,  confused  mosaic,  more  or 
less  continuous  in  indistinctly  outlined  streams,  which  conform  roughly 
to  the  direction  of  flow  indicated  by  the  hornblende. 

The  dike  at  71+00  shows  the  greater  degree  of  metamorphism. 
In  the  small  amount  of  feldspar,  greater  amount  of  biotite,  and  its 
general  structure  it  shows  some  points  of  resemblance  to  certain  of 
the  rocks  described  beyond  in  which  hornblende  is  absent. 

Of  the  second  type,  viz.,  that  in  which  biotite  is  prominent,  sections 
have  been  studied  from  dikes  met  at  or  near  Stations  47  +  00,  68  +  00, 
114  +  35,  and  130+50. 

Section  from  4?~\~00.  —  This  rock  is  a  fine-grained  mixture  of 
biotite,  plagioclase  feldspar,  and  epidote  with  some  quartz.  The  feld- 
spar constitutes  roughly  one-half  of  the  rock,  and  occurs  in  individuals 
of  a  fairly  uniform  size,  frequently  lath-shaped,  more  often  equidimen- 
sional,  and  always  with  very  indistinct  boundaries.  They  contain  many 
minute  crystalline  inclusions,  some  of  which  could  be  identified  as  bio- 
tite and  epidote.  Other  quite  numerous  inclusions  have  the  appearance 
of  fibres  or  slender  rods.  They  show  low  polarization  tints,  an  inclined 
extinction,  but  further  than  this  little  could  be  ascertained  regarding 
them. 

The  mica  is  a  greenish  brown  variety  with  a  strong  absorption,  and 
belongs  among  the  iron-rich  biotites.  It  occurs  in  the  form  of  small 
flakes,  and,  next  to  the  feldspar,  is  the  most  important  constituent. 
The  biotite  and  the  epidote,  which  latter  is  abundant  in  the  form  of 
small  grains  and  granular  aggregates,  are  chiefly  confined  in  their  dis- 
tribution to  the  spaces  between  the  feldspars  where  quartz  also  occurs. 
This  at  once  suggests  that  these  minerals  occupy  the  position  of 
original  augite,  which  by  its  alteration  gave  rise  to  the  biotite  with 
the  separation  of  epidote  and  quartz. 

Dike  at  68-\-00.  —  This  rock  consists  of  biotite,  epidote,  and  a 
subordinate  amount  of  quartz.  Feldspar  was  almost  entirely  absent 
from  the  slides  examined.  The  biotite  is  of  the  same  variety  as 
described  above,  and  makes  up,  probably,  three-quarters  of  the  rock. 
It  is  intimately  mixed  with  epidote  grains  so  that  the  slide  has  the 
appearance  of  being  composed  of  biotite  and  epidote  with  a  background 
of  quartz.     The  schistose  structure  is  very  evident. 

Dike  at  114+35.  —  This  rock,  like  the  preceding,  is  composed 
essentially   of   biotite,  epidote,  and  quartz.     The   biotite   and   epidote 


120  C.  H.  Warren. 

occupy,  however,  a  larger  proportion  of  the  specimen.  Besides  scat- 
tered grains  the  quartz  is  seen  in  narrow  veins  with  epidote  and  some 
calcite.  There  are  also  occasional  areas,  sometimes  having  a  diameter 
of  3  or  4  millimeters,  which  are  composed  almost  entirely  of  quartz 
grains.  All  of  the  quartz  shows  a  cloudy  and  broken  extinction.  The 
biotite  has  suffered  some  alteration  to  chlorite.  An  occasional  shred 
of  muscovite  occurs,  and  pyrite  grains  are  also  present. 

Dike  at  ijo+jo.  —  This  rock  has  undergone  even  more  severe 
crushing  than  any  of  the  others  which  have  been  studied,  and  has 
also  suffered  more  from  superficial  weathering.  The  minerals,  which 
can  be  distinctly  seen  under  low  powers  of  the  microscope,  are  biotite, 
calcite,  and  epidote.  The  biotite  occurs  in  scattered  blotches  through- 
out the  section,  the  calcite  in  well-marked,  relatively  large  grains,  often 
showing  the  cleavage  very  perfectly.  Epidote  is  apparently  less  abun- 
dant than  in  the  other  rocks.  The  greater  part  of  the  rock  consists 
of  finely  comminuted  material,  which  under  high  magnifying  powers 
resolves  itself  into  a  mass  of  quartz  grains  and  biotite  with  some 
epidote.  The  biotite  has,  to  a  large  extent,  been  bleached,  a  process 
which  is  accompanied  by  a  lowering  of  the  double  refraction. 

Remarks  on  the  East  and  West  Series  of  Dikes.  —  The  field 
relations  of  these  dikes  taken  in  connection  with  their  mineral  com- 
position can  hardly  point  to  any  but  a  diabase  for  the  original  rock, 
and,  although  in  the  absence  of  chemical  data  it  cannot  be  proved 
that  they  have  all  resulted  from  the  metamorphism  of  dikes  identical 
in  chemical  composition,  it  appears  highly  probable  that  such  is  the 
case.  Their  present  mineralogical  differences  represent  then,  it  is 
believed,  the  various  effects  of  severe,  deep-seated  metamorphism  act- 
ing on  a  series  of  diabase  dikes,  varying  only  as  regards  size  and 
granularity.  The  original  constituents,  chiefly  plagioclase  and  augite, 
gave  rise  in  some  cases  to  hornblende  with  more  or  less  biotite,  in 
others  to  biotite  without  hornblende,  epidote  and  quartz  always  accom- 
panying. The  two  dikes  in  which  hornblende  occur  show,  in  general, 
rather  less  evidence  of  crushing  and  shearing  than  those  of  the  biotitic 
type.  In  the  dike  near  Station  7 1  +  00  the  metamorphism  has  appar- 
ently been  more  severe  than  in  the  one  near  42  -f-  20 ;  and  in  the 
former  considerable  biotite  is  present  and  little  or  no  feldspar.  In 
the  biotitic  types  hornblende  is  absent ;  and  the  feldspar  is  also  lack- 
ing in  those  dikes  which  show  evidences  of  the  most  severe  crushing 
and  shearing.     These  facts  seem   to  indicate  that  the   biotite-epidote 
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schist  is  the  more  highly  metamorphic  of  the  two  types.  It  should  be 
noted  that  all  the  sections  examined,  with  the  exception  of  those  from 
Number  ii4+35>  are  free  from  calcite  and  kaolin  or  other  effects 
•of  superficial  weathering. 

Dikes  of  the  North  and  South  Series.  —  Sections  from  these  dikes 
present  a  striking  contrast  to  those  of  the  east  and  west  series.  All 
the  sections  examined  show  that  these  dikes  are  a  highly  typical,  por- 
phyritic  diabase,  and  that  they  vary  among  themselves  only  in  the 
relative  granularity  of  their  crystallization  and  in  the  extent  to  which 
superficial  weathering  has  progressed.  Feldspar  and  augite  are  devel- 
oped porphyritically  and  appear  to  be  contemporaneous  in  age.  Olivine 
was  originally  present  in  porphyritic  crystals,  but  is  now  wholly  altered. 
The  feldspars  have  a  fine  lath-shaped  development,  sometimes  attaining 
a  length  of  5.0  millimeters.  They  are  beautifully  twinned  after  the 
carlsbad,  albite,  and  pericline  laws.  Zonal  development  is  common. 
The  extinction  angles,  measured  after  the  method  of  Michel  Ldvy,  show 
that  the  feldspars  range  in  composition  between  basic  andesine  and 
basic  labradorite.  The  interior  of  the  feldspars  often  shows  decom- 
position to  zeolitic  aggregates.  Sections  from  more  highly  weathered 
-dikes  show  the  feldspars  largely  or  wholly  changed  to  zeolites,  calcite, 
-quartz,  and  kaolin. 

The  augite  phenocrysts  are  much  less  abundant  than  the  feldspars. 
They  are  beautifully  fresh  and  in  the  coarser  grained  dikes  attain  a 
considerable  size.  Olivine  was  about  as  common  as  the  augite,  usually 
in  large  crystals,  but  has  suffered  complete  decomposition  to  a  confused 
mixture  of  serpentine,  carbonates,  and  quartz,  with  a  separation  of  mag- 
netite chiefly  about  the  borders.  In  some  of  the  finer  grained  rocks 
olivine  does  not  appear  to  have  developed  porphyritically,  although  it 
may  have  been  originally  present  in  the  ground  mass. 

Between  the  phenocrysts  and  the  ground  mass  there  is  a  decided 
break  in  the  time  of  crystallization.  The  feldspars  of.  the  ground  mass 
have  the  same  composition  as  the  porphyritic  crystals,  follow  the  same 
twinning  laws,  but  show,  in  general,  less  weathering.  They  occupy 
approximately  one-half  of  the  area  of  the  section. 

Besides  the  augite,  the  spaces  between  the  feldspars  are  often  filled 
with  a  yellowish  green,  decomposition  product,  having  a  serpentine- 
like appearance.  This  may  result  from  the  alteration  of  olivine,  but  is 
more  likely  mesotasis.  No  olivine  now  exists  in  the  ground  mass.  If 
it  were  there,  it  was  in  subordinate  amount.     Magnetite  is  abundantly 
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scattered  through   the  rock  as  an  original   mineral,  aside   from   that 
resulting  from  the  alteration  of  the  olivine  and  augite. 

The  weathering  process  is  indicated  by  a  decomposition  of  the 
feldspars  as  already  described,  and  by  the  appearance  of  chlorite  and 
other  products  in  the  ground  mass,  causing  this  to  turn  green  and 
darken.  The  augite  phenocrysts  show  also  an  alteration  to  chlorite 
with  the  separation  of  magnetite. 

The  sections  from  these  dikes  present,  when  compared  with  those 
from  the  east  and  west  dikes,  quite  as  striking  differences  as  the  rocks 
themselves  do  in  the  field,  and  leave  no  doubt  that  they  belong  to  a 
distinctly  different  generation. 

The  Diorite.  —  Thin  sections  of  the  diorite  were  examined  from 
various  points  between  Stations  534  +  00  and  562  +  50.  The  rock 
appears  throughout  to  be  a  fairly  normal  diorite,  moderately  coarse- 
grained, showing,  however,  some  variation  as  to  grain  and  in  the  relative 
amounts  of  the  various  constituents  present. 

The  hornblende  is  the  common  green  variety,  sometimes  very  light 
in  color,  and  in  most  of  the  sections  shows  considerable  alteration  to 
chlorite,  epidote,  and  quartz.  It  is  always  abundant,  sometimes  being 
present  in  very  large  amount.  It  rarely  shows  any  crystallographic 
boundaries.  Biotite  is  generally  present  in  small  amount  and  often 
shows  a  fine  development  of  rutile  needles  between  the  leaves. 

The  feldspar  is  more  or  less  automorphic,  with  a  strong  tendency 
toward  the  lath-shaped  structure.  In  fact,  the  resemblance  to  the  dia- 
base structure  is  sometimes  very  strong,  notably  in  sections  from  the 
diorite  at  Stations  534  +  00  and  559  +  50.  In  these  sections  the  posi- 
tion of  the  hornblende  between  the  feldspars  is  exactly  similar  to  that  of 
the  augite  in  the  diabases,  suggesting  at  once  that  the  hornblende  i& 
uralitic,  and  that  the  rock  is  at  times  more  diabasic  than  dioritic  in 
character.  The  feldspar  is  practically  all  labradorite.  Carlsbad  and 
albite  twins  are  common.  Practically  all  of  the  feldspar  shows  con- 
siderable alteration. 

Epidote  is  very  prominent,  being  present  practically  everywhere. 
Considerable  areas  of  the  sections  are  at  times  composed  entirely  of 
granular  masses  of  epidote,  mixed  with  quartz  and  chlorite,  which  have 
replaced  the  original  constituents.  In  the  more  highly  altered  types 
kaolin  and  calcite  appear.  Veins  of  epidote  and  quartz  are  also 
common. 

Quartz  is  present  in  all  the  sections  as  an  original  mineral  occupying 
the  small  spaces  between  the  feldspar  crystals. 


Notes  on  the  Rocks  of  the  Weston  Aqueduct.  12  J 

Magnetite  is  always  present  and  is  often  thickly  distributed  through- 
out the  rock.  Ilmenite,  with  its  characteristic  peripheral  alteration  to 
leucoxene,  is  often  seen  in  fairly  large  individuals.  Apatite  is  common 
in  the  form  of  small  crystals  and  occasionally  attains  considerable  size. 
Pyrite  was  present  in  many  of  the  sections  examined. 

Fine  Granite.  —  Two  sections  of  the  fine-grained  phase  of  the 
granite  were  examined  from  dikelike  intrusions  near  Stations  567  +  00 
and  672  +  00. 

Sections  from  the  intrusions  at  567  +  00  exhibit  a  typical  micro- 
granitic  texture.  The  feldspars  are  largely  othoclase  with  a  consider- 
able amount  of  plagioclase  (oligoclase  and  albite)  present.  All  of  the 
feldspars  are  slightly  dusty  in  appearance  and  show  numerous  bright 
specks  of  secondary  minerals.  Quartz  is  abundant  and  uniformly  ex- 
hibits a  cloudy  and  broken  extinction.  Dark-colored  constituents  are 
practically  absent,  only  a  few  flakes  of  hornblende,  largely  changed  to 
chlorite,  being  present.  Epidote  is  common  in  the  form  of  minute 
grains,  which  are  distributed  along  lines  of  finely  crushed  material, 
forming  veins. 

The  rock  from  near  Station  672  +  00  is  aplitic  in  character.  The 
feldspars,  which  are  albite  and  oligoclase  with  a  subordinate  amount  of 
orthoclase,  are  much  more  abundant  than  the  quartz,  which  is  largely 
confined  to  the  spaces  between  the  feldspars  and  is  the  least  auto- 
morphic  of  these  minerals.  Magnetite  grains  are  scattered  sparingly 
through  the  section.  Epidote  is  rare;  occasionally  calcite  is  seen, 
while  a  few  shreds  of  hornblende,  chlorite,  and  muscovite  are  present. 

A  few  large  phenocrysts  of  acid  plagioclase  indicate  a  tendency 
toward  a  porphyritic  habit  in  the  rock. 


124     The  Chemical  and  Metallurgical  Society  of  South  Africa. 

BOOK  REVIEWS. 

Proceedings  of   the  Chemical   and   Metallurgical   Society   of 

South  Africa.1 

Everybody  interested  in  the  cyanide  process  for  treating  gold  ores 
will  welcome  the  second  volume2  of  the  Proceedings  of  the  Chemical 
and  Metallurgical  Society  of  South  Africa,  the  members  of  this  society 
having  excelled  in  the  development  of  that  branch  of  metallurgy.  The 
book  contains  the  papers  and  discussions  of  the  thirty-five  meetings  held 
between  1897  and  1899.  Their  importance  can  be  judged  by  the  fact 
that  most  of  them  have  been  reprinted  in  full  or  in  part  by  the  lead- 
ing periodicals  as  soon  as  issued  in  pamphlet  form.  The  metallurgist 
interested  in  cyaniding  will  be  glad  to  have  these  scattered  papers 
brought  together  in  a  single  handy  volume.  The  discussions,  as  a 
rule  not  given  in  the  reprints  and  therefore  new  to  most  readers,  are 
of  much  value,  especially  as  they  come  from  men  working  in  the  field 
and  the  laboratory  along  the  same  lines  as  the  authors  of  the  papers. 
Their  characteristics  are  avoiding  of  generalities  and  going  direct  to  the 
point.  The  titles  of  some  of  the  papers  are :  u  Precipitation  of  Gold 
from  Cyanide  Solutions"  (Ehrmann);  "The  Reduction  of  Zinc-gold 
Slimes"  (Johnson);  "The  Treatment  of  Battery  Slimes"  (Williams); 
"The  Solution  of  Gold  in  Accumulated  and  Other  Slimes  "  (Caldecott) ; 
"The  Stamp  Milling  of  Gold  Ores  in  its  Relation  to  Cyaniding"  (John 
son) ;  "  Discrepancies  in  Slime  Treatment "  (Caldecott) ;  "  The  Esti- 
mation of  Oxygen  in  Working  Cyanide  Solutions"  (Crosse);  "A 
Continuous  Process  for  Slime  Treatment "  (Rand),  etc. 

Although  the  main  part  of  the  volume  is  devoted  to  cyaniding,  it 
is  not  confined  wholly  to  this  process ;  mining  and  metallurgy  of  other 
non-ferrous  metals  are  represented.  The  book  closes  with  125  pages 
of  appendices  having  the  following  headings :  Interim  Report  of  the 
Assay  Differences  Committee;  Contributions  and  Correspondence; 
Obituaries ;  Notes  and  Comments ;  Notices  and  Abstracts,  Patent 
The  index  shows  that  much  care  has  been  given  to  its  preparation. 
The  volume  is  a  valuable  addition  to  the  literature  on  the  cyanide 
process,  which  is  already  very  large. 


1  Proceedings  of  the  Chemical  and  Metallurgical  Society  of  South  Africa,  Vol.  II, 
February,  1897,  to  September,  1899;  Johannesburg  (Edinburgh,  R.  W.  Hunter;  New 
York,  Engineering  and  Mining  Journal)^  1903,  xx  +  928  pages,  illustrated.  Price, 
New  York,  £6.00. 

2  Volume  I  was  issued  in  1897. 
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HE  MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY  aims  to  give 
thorough  instruction  in  Civil  Engineering,  including  a  Railroad  option; 
Mechanical  Engineering,  including  options  in  Locomotive  Construc- 
tion, Mill  and  Marine  Engineering,  and  Heating  and  Ventilation  ; 
Mining  Engineering  and  Metallurgy;  Chemical,  Electrical,  and  Sanitary  En- 
gineering; in  Chemistry;  Architecture,  with  Landscape  and  Architectural 
Engineering  options;  Physics;  Electro-Chemistry ;  Biology;  Geology;  and  Naval 
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To  be  admitted  to  the  Institute  the  applicant  must  have  attained  the  age  of  seventeen 
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creditably  through  a  good  high  school,  having  two  years'  study  of  French  and  of  German, 
should  be  able  to  pass  the  Institute  examinations. 

Graduates  of  Colleges,  and  in  general  all  applicants  presenting  certificates  representing 
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The  regular  courses  are  of  four  years'  duration,  and  lead  to  the  degree  of  Bachelor  of 
Science.  In  most  courses  the  work  may  also  be  distributed  over  five  years  by  students  who 
prefer  to  do  so.  Special  students  are  admitted  to  work  for  which  they  are  qualified  ;  and 
advanced  degrees  of  Master  of  Science  and  of  Doctor  of  Philosophy  are  given  for  resident 
study  subsequent  to  graduation.  A  graduate  school  of  engineering  research  has  been 
recently  established. 

The  tuition  fee,  not  including  breakage  in  the  chemical  laboratory,  is  £250  a  year.  In 
addition,  $25  or  $30  per  year  is  required  for  books  and  drawing  materials. 

For  Catalogues  and  information,  address 

H.  W.  TYLER,  Secretary 

491  Boylston  Street,  Boston 
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Boston,  January   15,   1904. 

The  589th  regular  meeting  of  the  Society  of  Arts  was  held  in 
the  Lowell  Building,  on  Friday  evening,  January  15,  at  eight  o'clock, 
Professor  Walker  in  the  chair.  One  hundred  and  fifty-five  persons 
were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  W.  E.  Parker  was  elected  to  Life  Membership  in  the 
Society. 

Professor  J.  W.  Richards,  of  Lehigh  University,  addressed,  the 
Society  on  "The  Use  of  Electricity  in  Metallurgy."1 

After  a  discussion  of  the  paper  a  vote  of  thanks  was  tendered  the 
speaker,  and  the  meeting  adjourned. 


Boston,  January  28,   1904. 
The  590th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  January  28,  at  eight 
o'clock,  Mr.  Munroe  in  the  chair.     Sixty-five  persons  were  present. 


1  Technology  Quarterly,  17,  No.  1,  March,  1904,  pp.  22-36. 

"5 


126  Proceedings  of  the  Society  of  Arts. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Dr.  F.  W.  Clarke,  chief  chemist  of  the  United  States  Geo- 
logical Survey,  addressed  the  Society  on  "  The  Chemical  Work  of  the 
United  States  Geological  Survey." 

A  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 


Boston,  February   n,   1904. 

The  591st  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  February  1 1,  at  eight 
o'clock,  Professor  Cross  in  the  chair.  About  four  hundred  persons  were 
present. 

Mr.  George  F.  Kunz  addressed  the  Society  on  "The  Action  of 
Radium  and  Ultraviolet  Light  on  Minerals  and  Precious  Stones." 
The  lecture  was  illustrated  with  a  number  of  experiments. 

A  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 


February  26,   1904. 

The  592d  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  6,  Lowell  Building,  on  Friday  evening,  February  26,  at  eight 
o'clock,  Professor  Talbot  in  the  chair.     Ninety-five  persons  were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Dr.  Samuel  P.  Sadtler  addressed  the  Society  on  "The 
Preservative  Treatment  of  Wood."1 

A  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 


March   10,   1904. 

The  593d  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  March  10,  at  eight 
o'clock,  Professor  Cross  in  the  chair.  One  hundred  and  five  persons 
were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  Earle  L.  Ovington  and  Mr.  Herbert  Dabney  were 
elected  to  Associate  Membership  in  the  Society. 


1  Below,  pp.  129-144. 
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Professor  E.  F.  Nichols,  of  Columbia  University,  then  addressed 
the  Society  on  "The  Measurement  of  the  Heat  of  the  Stars." 

A  vote   of   thanks  was   tendered    the   speaker,   and   the   meeting 
adjourned. 


March  24,   1904. 

The  594th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  March  24,  at  eight 
o'clock,  Professor  Niles  in  the  chair.     Forty-five  persons  were  present. 

Dr.  Cyrus  Adler,  librarian  of  the  Smithsonian  Institution,  addressed 
the  Society  on  "  The  History  and  Work  of  the  Smithsonian  Institution." 

After  the  Society  had  extended  a  vote  of  thanks  to  the  speaker, 
the  meeting  adjourned. 


April  7,   1904. 

The  595th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  April  7,  at  eight 
o'clock,  Professor  Lanza  in  the  chair.  Three  hundred  persons  were 
present. 

The  following-named,  graduates  of  the  Institute,  were  elected  to 
Associate  Membership  in  the  Society :  Mr.  Lammot  du  Pont,  Mr. 
Arthur  E.  Nash,  Mr.  James  C.  Howe,  Mr.  Richard  E.  Dow,  Mr.  G.  A. 
Hall,  Mr.  E.  S.  Foljambe. 

Professor  C.  L.  Norton  then  addressed  the  Society  on  "  The  Recent 
Conflagration  in  Baltimore."  x 

After  the  Society  had  extended  a  vote  of  thanks  to  the  speaker,  the 
meeting  adjourned. 


April  28,   1904. 
The  596th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  April  28,  at  eight 
o'clock,  Professor  Clifford  in  the  chair.     About  one  hundred  persons 
were  present. 


1  Below,  p.  148. 
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After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  George  E.  Roberts,  director  of  the  United  States  Mint, 
addressed  the  Society  on  "Coinage  and  the  Precious  Metals."  The 
speaker  gave  an  historical  account  of  coinage  and  described  the  methods 
in  use  in  the  United  States  Mints.  A  large  number  of  lantern  slides  of 
ancient  coins  was  shown.  A  discussion,  in  which  a  number  of  members 
took  part,  followed  the  address. 

A  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 

James   F.  Norris,  Secretary. 
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THE  PRESERVATIVE    TREATMENT  OF    WOOD. 

By  SAMUEL  P.  SADTLER,  Ph.D.,  LL.D. 
(Read  February  26, 1904.) 

Wood,  because  of  its  universal  distribution  over  the  surface  of  the 
globe,  and  equally  because  of  the  ease  with  which  it  can  be  shaped  and 
adapted  to  purposes  of  construction,  has  been  for  both  civilized  and 
uncivilized  man  the  most  convenient  and  widely  used  material  for  a 
great  variety  of  purposes.  But  it  obviously  has  its  limitations.  Being 
composed  of  organic  tissue,  it  does  not  possess  the  power  of  withstand- 
ing atmospheric  influences  with  alternations  of  heat  and  moisture  so 
well  as  mineral  matter  like  stone,  or  even  as  some  of  the  metals. 

The  nature  of  the  changes  that  wood  tends  naturally  to  undergo, 
unless  prevented  by  some  form  of  treatment,  has  been  the  subject  of 
widely  divergent  theoretical  views.  The  destructive  changes,  summa- 
rized as  decay  in  wood,  were  stated  by  the  great  German  chemist, 
Liebig,  to  be  due  to  a  form  of  slow  combustion,  which  he  called  erema- 
causis.  The  processes  of  change,  in  his  view,  were  induced  by  oxygen, 
much  as  iron  changes  to  rust,  He  stoutly  denied  that  bacteria,  fungi, 
or  other  living  agencies  had  anything  to  do  with  decay.  Not  until  the 
publication  of  the  researches  of  Pasteur  and  his  school  was  it  understood 
that  the  changes  which  accompany  decay  are  due  to  the  activity  of  lower 
animals  and  plants.  These  low  organisms,  living  on  or  within  the  sub- 
stances, use  a  portion  of  the  same  for  food,  and  by  removing  some  of 
the  elements  from  the  substratum,  they  break  up  the  complex  chemical 
compounds.  This  results  in  the  liberation  of  various  gases  and  in  the 
phenomena  which  are  known  collectively  as  rotting  or  decay. 

The  living  organisms  which  cause  decay  of  timber  may  be  insects, 
bacteria,  or  fungi.  Insects  bore  into  sound  timber,  and  in  many  cases 
they  may  riddle  a  stick  completely,  so  that  it  falls  to  pieces.  The  work 
of  white  ants,  so  destructive  to  all  timber  in  warm  climates,  is  of  this 
character ;  and  then  we  have  the  beetles,  the  larvae  of  which  bore  into 
wood  as  soon  as  the  same  is  dry  enough  to  allow  them  to  enter.     The 
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decay  of  structural  timber  is,  however,  brought  about  most  frequently 
by  either  bacteria  or  fungi.  Bacteria  are  low  plants  which  multiply 
with  great  rapidity  by  the  method  of  fission  or  equal  division.  Fungi 
are  low  plants  consisting  of  fine  threads  which  start  from  a  single 
spore,  which,  when  brought  under  favorable  conditions,  sprouts  or  ger- 
minates. The  mycelium,  or  aggregate  of  threads,  grows  in  either  living 
cells,  in  which  case  it  attacks  the  protoplasmic  contents,  or  in  dead  cells, 
in  which  case  it  attacks  the  cell  walls. 

The  best  conditions  for  growth  of  fungi  and  bacteria  are  an  abundant 
food  supply  and  a  certain  amount  of  heat  and  moisture.  All  require 
moisture.  Where  there  is  no  water  there  will  be  no  fungus  or  bacterial 
growth.  Even  the  so-called  *  dry  rot "  fungi  require  a  certain  amount 
of  moisture.  Much  of  the  rotting  of  timber  could  be  prevented  by 
heeding  the  simple  fact  that  without  water  there  will  be  no  rot.  At 
the  same  time,  wood  completely  immersed  in  water  will  not  decay, 
as  the  supply  of  oxygen  necessary  for  the  development  of  fungi  is 
cut  off. 

Before  proceeding  to  discuss  the  preservative  treatment  of  wood,  a 
few  words  in  addition  on  the  structure  and  chemical  composition  of  the 
wood  are  desirable.  Wood  is  composed  of  a  series  of  closed  tubes 
extending  parallel  to  the  long  axis  of  a  tree  trunk.  These  tubes  are 
firmly  united  laterally,  and  are  so  arranged  as  to  fit  into  one  another 
endwise,  so  as  to  form  a  splice. 

The  wood  tubes  differ  very  much  in  size  and  in  their  method  of 
arrangement.  In  the  hard  woods  one  finds  some  very  large  tubes  called 
ducts.  These  are  entirely  absent  in  the  coniferous  woods.  As  the  cells 
grow  older,  they  lose  their  original  content  of  protoplasm,  and  become 
filled  with  air  and  various  infiltrating  substances,  such  as  resins  and 
gums.  The  fine  original  membrane  of  the  cell  and  the  groundwork  of 
the  thickening  is  composed  of  cellulose.  This  cellulose  is  infiltrated 
with  various  materials  collectively  known  as  lignin.  This  lignin  may 
be  dissolved  out  by  the  various  fungi  before  referred  to,  leaving  the 
cellulose  skeleton,  or  vice  versd. 

The  infiltrating  materials  are  deposited  originally  from  solution,  and 
the  word  "sap"  is  applied  both  to  the  solution  and  to  the  deposited 
substances,  so  that  in  air-dried  wood  we  frequently  speak  of  the  fibre, 
the  sap,  and  the  air  spaces  as  constituting  the  sum  total  of  the  wood. 
The  following  table,  taken  from  Bulletin  Number  9  of  the  United  States 
Department  of  Agriculture,  Division  of  Forestry,  page  257,  shows  the 
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weight  of  1  cubic  foot  of  different  kinds  of  air-dried  wood  and  the  space 
in  cubic  foot,  or  1,728  cubic  inches,  of  air-dried  wood  occupied  respect- 
ively by  fibre,  sap,  and  air,  assuming  the  specific  gravity  of  fibre  at  1.5. 


1 

Weights  of 

1  Cubic  Foot. 

Space  Occupied  by  Fi 
and  Air. 

ibrb,  Sap, 

Pounds. 

Per  cent, 
of  water. 

Weight  of 
water. 

Weight  of 
fibre. 

Fibre.  Cu- 
bic inches. 

Sap.    Cu- 
bic inches. 

Air.  Cubic 
inches. 

White  oak   .    .    . 

53.3 

16.0 

8.5 

44.8 

830 

161 

662 

Yellow  pine     .    . 

34.4 

17.0 

5.8 

28.6 

530 

161 

1,037 

White  pine  .    .    . 

26.1 

17.0 

4.4 

21.6 

400 

125 

1,203 

White  beech   .    . 

45.2 

18.5 

8.4 

36.8 

681 

233 

814 

White  elm   .    .    . 

36.2 

18.5 

6.7 

29.5 

546 

186 

996 

Sweet  gum  .    .    . 

39.6 

19.0 

7.6 

32.0 

592 

211 

925 

Yellow  poplar     . 

33.0 

19.5 

6.4 

26.6 

493 

177 

1,058 

Sycamore     .   .    . 

33.4 

20.0 

6.7 

26.7 

494 

186 

1,054 

The  earliest  and  most  primitive  method  of  preventing  the  decay  of 
wood  with  which  we  are  acquainted  is  the  superficial  charring  of  the 
wood,  which,  by  coating  it  with  a  layer  of  porous  charcoal,  apparently 
keeps  previously  seasoned  wood  from  being  attacked  by  fungous  or 
other  vegetable  growth.  Pieces  of  charred  piles  and  timbers  used  by 
the  Romans  in  construction  during  the  occupation  of  Britain,  near  the 
beginning  of  the  Christian  era,  have  been  uncovered  in  recent  times 
and  found  comparatively  sound. 

The  application  of  this  superficial  carbonizing  treatment  on  a  large 
scale  to  ship  timbers  has  been  made  in  relatively  modern  times,  both  in 
England  and  in  France,  and  experiments  of  this  kind  by  M.  Lapparent, 
naval  constructor,  are  given  in  detail  in  Payen's  "Chemie  Industrielle," 
sixth  edition  (1878),  2,  74. 

Two  different  lines  of  treatment  have  been  proposed  in  modern 
times  as  tending  to  preserve  wood  from  decay :  the  treatment  by 
exclusion  of  air,  and  the  impregnation  of  the  wood  by  antiseptic  solu- 
tions. Recalling  what  we  said  before  as  to  the  nature  and  causes  of 
the  decay  of  wood,  it  will  be  seen  that  the  first  class  of  methods  was 
based  upon  erroneous  conceptions.     As  the  decay  of  wood  is  not  simply 
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a  slow  oxidation,  so  the  covering  of  the  surface  of  the  wood  by  an 
impermeable  coating,  which  not  only  shuts  out  oxygen,  but  which  shuts 
in  nitrogenous  constituents  and  some  moisture,  is  not  a  proper  solution 
of  the  problem  of  preventing  decay.  Nor  will  the  so-called  petrifying  of 
the  wood,  or  deposition  of  insoluble  compounds  in  the  superficial  layers 
of  the  wood,  completely  prevent  decay  for  the  same  reason. 

With  a  proper  understanding  of  the  nature  of  the  decay  of  wood 
we  turn,  therefore,  to  a  consideration  of  the  processes  involving  an  im- 
pregnation with  antiseptic  solutions.  Although  a  number  of  proposals 
had  been  made  for  impregnating  wood  by  dipping  it  into  solutions  of 
metallic  salts  at  times  during  the  eighteenth  century,  and  Sir  H.  Davy 
had  called  special  attention  to  the  preservative  powers  of  corrosive  sub- 
limate, or  mercuric  chloride  solution,  in  the  first  years  of  the  nineteenth 
century,  the  first  systematic  process  for  the  preservative  treatment  of 
wood  dates  from  1820,  when  Kyan  applied  to  actual  practice  the  process 
of  using  mercuric  chloride,  known  since  as  "  Kyanizing."  Using  a 
2  per  cent,  solution,  and  immersing  the  timber  in  wooden  tanks  for 
periods  of  time  ranging  from  eight  to  twelve  days,  excellent  results 
were  obtained.  Of  course,  when  hot  solutions  were  used  the  time  was 
shortened.  The  process  has  not  achieved  commercial  success  because 
of  the  expense  of  the  chemical  used  and  its  very  poisonous  character. 

Breant's  process,  announced  in  183 1,  was  for  saturating  in  a  closed 
cylinder  under  pressure,  and  was  applied  with  different  liquids.  Thus 
he  used  copper  sulphate,  which  was  later  used  also  by  Boucherie  in 
his  imbibition  process,  and  tar  oils  as  well,  which  latter  application  was 
developed  more  fully  in  a  commercial  way  by  Bethell  in  England  and 
Vohl  in  Germany,  and  became  known  as  the  creosote  process.  In  1837 
Dr.  Boucherie  brought  out  in  France  his  imbibition  process  for  displac- 
ing the  sap  and  natural  fluids  of  the  living  or  freshly  cut  wood  by 
solutions  of  metallic  preserving  salts,  like  copper  sulphate.  The  process 
attracted  much  attention,  and,  where  it  is  applicable,  there  is  no  doubt 
that  the  wood  is  more  efficiently  saturated,  and  with  less  injury  to  its 
strength  and  structural  value,  than  would  be  the  case  where  it  is  impreg- 
nated under  heavy  pressure.  The  process  was  used  very  extensively 
in  France,  but  most  of  the  French  railways  abandoned  it  for  tie-treating 
in  1878,  and  the  last  of  the  roads  has  now  given  it  up  for  creosoting. 

In  1858  Bethell  brought  out  in  England  his  method  of  impregnating 
in  a  closed  cylinder  under  pressure  with  heavy  tar  creosote  oils,  which 
with  some  modification  continues  to  the  present  day  as  the  so-called 
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"  creosote  "  impregnation  process.  In  Bethell's  process  the  wood,  as, 
for  example,  railroad  ties,  was  put  in  the  cylinder,  after  some  previous 
drying,  and  a  vacuum  having  been  created,  the  tar  oil,  at  a  temperature 
of  about  ioo°  F.,  was  admitted,  and  the  pressure  increased  to  from  7  to 
10  atmospheres,  at  which  it  was  left  from  two  to  four  hours.  In  some 
cases,  with  thick  oils,  the  temperature  was  raised  to  about  1500  F. 

In  the  same  year  (1838)  Burnett  brought  out  the  other  process, 
viz.,  saturation  with  zinc  chloride,  which  at  the  present  divides  with 
the  creosoting  treatment  the  practical  work  that  is  done  in  the  way  of 
impregnation.  The  zinc  chloride  impregnation  is  much  cheaper  than 
the  creosote. treatment,  but  the  zinc  chloride  washes  out  in  considerable 
degree  from  the  treated  wood  on  exposure  to  the  weather,  and  its  anti- 
septic value  is  at  no  time  equal  to  that  of  the  best  creosote  oil.  Burnett 
at  first  merely  laid  the  wood  in  the  zinc  chloride  solutions ;  but,  as  the 
saturation  was  imperfect,  later  introduced  the  use  of  the  closed  cylinder 
and  strong  pressures.  As  the  zinc  chloride  is  used  in  aqueous  solution, 
the  opening  up  of  the  pores  of  the  wood  and  softening  of  the  sap  con- 
tents by  a  preliminary  steaming  is  always  practiced.  This  is  continued 
for  about  an  hour  at  a  temperature  of  about  2350  F.,  or  an  extra  steam 
pressure  of  1.5  atmospheres.  When  the  cylinder  has  cooled  a  vacuum 
is  established,  the  zinc  chloride  solution  is  then  admitted,  and  the 
pressure  is  raised  to  7  or  8  atmospheres. 

Of  course  numerous  other  substances  of  real  or  supposed  antiseptic 
value  have  been  proposed  and  tried,  such  as  aluminum  chloride,  borax, 
ferrous  sulphate,  zinc  sulphate,  naphthalene,  paraffine,  solutions  of  resins, 
etc. ;  but  with  the  abandonment  of  copper  sulphate  by  the  French  rail- 
ways the  practical  processes  in  use  have  narrowed  down  to  either 
creosote  or  zinc  chloride,  or  to  mixtures  of  the  two. 

In  a  paper  published  in  the  Transactions  of  the  American  Society 
of  Civil  Engineers ',  in  June,  1891,  page  498,  Octave  Chanute,  who  has 
been  connected  with  tie-treatment  work  in  this  country  for  a  number 
of  years,  gives  the  results  of  his  observations  in  Europe  during  the 
previous  year,  and  from  this  a  few  points  may  be  taken  in  passing.  In 
England  all  antiseptics  except  tar  oil  have  now  been  abandoned.  The 
Bethell  process  is  used,  and  the  ties,  after  being  well  seasoned  and 
cleared  of  sap,  are  treated  without  any  previous  steaming.  The  ties 
are  mostly  Baltic  redwood  from  Russia,  Sweden,  and  Norway,  and  the 
life  of  the  tie  thus  treated  is  given  as  sixteen  to  twenty  years. 

In   France  copper  sulphate  has  been  finally  given  up,  and  either 
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creosote  oil  or  a  mixture  of  zinc  chloride  and  creosote  is  used.  "Bur- 
nettizing,"  or  the  use  of  zinc  chloride  alone,  was  tried,  but  abandoned 
because  the  chloride  was  found  to  leach  out,  especially  in  moist  situa- 
tions. In  using  creosote  they  inject  more  than  the  English  do  and  get 
a  longer  life  for  the  tie,  amounting  in  some  cases  to  from  twenty-five 
to  thirty  years.  The  ties  are  dried,  and  go  from  the  drying  ovens 
directly  into  the  treating  cylinder  while  warm.  The  time  required  for 
treatment  is  two  and  one-half  hours  for  oak  and  three  hours  for  beech. 
The  oak  ties  are  then  expected  to  last  twenty-five  years  in  the  track 
and  the  beech  ties  thirty  years,  while  untreated  oak  lasts  but  fifteen 
years. 

In  Germany,  while  the  creosoting  now  predominates  over  zinc- 
chloride  treatment,  there  are  three  processes  in  use : 

(i)  Impregnation  with  zinc  chloride  and  tar  oil. 

(2)  Creosoting,  after  seasoning  and  drying  in  ovens. 

(3)  Creosoting,  after  desiccation  in  hot  tar  oil. 

The  zinc-chloride  creosoted  ties,  which  are  mostly  pine,  last  from 
twelve  to  eighteen  years,  while  the  creosoted  ties,  which  are  mostly  oak, 
are  said  to  last  from  twenty-four  to  twenty-eight  years. 

In  the  United  States  work  on  tie-treating  began  prior  to  1885, 
when  a  committee  of  the  American  Society  of  Civil  Engineers  made 
a  report  on  the  subject  {Transactions  American  Society  of  Civil  Engi- 
neers, 14,  247),  and  noted  three  modifications  of  the  zinc-chloride 
process  as  being  then  in  the  experimental  stage: 

(1)  The  Wellhouse  process.  Zinc  chloride  containing  some  glue 
was  injected  and  was  followed  by  a  treatment  with  tannin  solution,  the 
object  being  to  form  an  insoluble  combination  of  the  glue  and  tannin 
which  should  hold  the  soluble  zinc  chloride  in  the  wood  and  prevent 
its  gradual  leaching  out. 

(2)  The  Thilmany  process,  an  injection  of  zinc  or  copper  sulphate, 
followed  by  a  solution  of  barium  chloride,  the  intention  being  to  form 
a  soluble  zinc  or  copper  chloride  and  insoluble  barium  sulphate.  This 
double  decomposition  did  not  take  place  within  the  wood,  however,  as 
was  planned,  and  the  process  was  abandoned. 

(3)  The  zinc-gypsum  process,  an  injection  of  zinc  chloride  and 
gypsum,  both  in  solution,  the  idea  being  that  when  dried  the  gypsum 
would  separate  as  an  insoluble  substance  and  prevent  the  dissolving 
out  of  the  zinc  chloride.     The  process  was  not  a  commercial  success. 

Earlier  than  these  had   been  the  straight  zinc-chloride  treatment, 
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or  "Burnettizing,"  which  was  tried  already  in  1866;  but  it  had  been 
recognized  here,  as  abroad,  that  the  salt  leached  out.  Walter  W.  Curtis, 
in  a  paper  read  May  17,  1899,  *&&  published  in  Transactions  of  Amer- 
ican Society  of  Civil  Engineers,  42,  288,  gives  as  an  illustration  of  this 
the  statement  that  some  Burnettized  ties  taken  up  after  a  lapse  of 
twelve  years  showed  0.146  per  cent,  by  weight  of  zinc  chloride  in 
the  wood,  while  when  laid  it  had  been  0.52  per  cent,  on  the  weight 
of  the  wood,  showing  a  loss  of  over  70  per  cent,  of  what  was  at  best 
a  very  partial  saturation. 

Creosoting  has  also  been  tried,  more  particularly  in  the  South  and 
East,  and  has  been  relatively  successful,  the  chief  objection  to  its  use 
as  a  process  being  its  higher  cost  than  the  zinc-chloride  treatment. 
Because  of  this  it  has  been  sought  to  combine  the  two,  as  was  done  in 
Germany.  What  is  known  as  the  Allardyce  process  is  an  impregnation, 
first  with  zinc  chloride,  and  then,  after  partially  removing  the  moisture 
from  the  wood,  an  injection  of  the  creosote  oil.  It  is,  of  course,  cheaper 
than  thorough  creosoting,  and  it  is  believed  that  the  creosoting  will 
prevent  the  leaching  of  the  zinc  chloride.  The  weak  point  is  generally 
the  failure  to  eradicate  thoroughly  the  moisture  after  the  zinc-chloride 
treatment  and  before  the  creosoting,  without  which  eradicating  the 
creosote  treatment  is  ineffectual.  A  creo-resinate  process,  using  a 
mixture  of  38  per  cent,  dead  oil,  2  per  cent,  formaldehyde,  and  40  per 
cent,  melted  resin,  may  also  be  mentioned  as  having  been  proposed  a 
few  years  ago.  The  product  has  been  used  somewhat  in  building  con- 
struction under  the  name  of  "  vulcanized  timber,"  but  the  process  has 
not  been  used  in  tie  preservation. 

Let  us  turn  now  to  the  question  of  results.  How  complete  is  the 
impregnation  effected  by  these  processes,  and  how  well  is  decay  arrested 
and  the  strength  of  the  wood  preserved  ?  In  answer  to  this  question 
I  would  call  attention  to  the  illustrations  shown  in  the  Bulletin  Num- 
ber 14  of  the  United  States  Department  of  Agriculture,  Division  of 
Forestry,  by  Hermann  Von  Schrenk,  to  which  bulletin  I  am  also  in- 
debted for  much  of  the  discussion  on  the  nature  of  the  decay  of  wood 
with  which  this  paper  was  opened. 

These  illustrations  show  clearly  that  with  the  best  German  practice 
of  creosote  impregnation  there  is  no  complete  impregnation  of  the  tim- 
ber treated ;  that  the  preservation  does  not  extend  to  the  interior  of  the 
wood;  that  dry  rot  may  attack  the  part  of  the  tie  which  the  creosote 
has  not  reached,  and  that  under  some  conditions  actively  growing 
fungus  may  attach  itself  to  such  a  tie  and  cause  disintegration. 
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The  American  practice,  with  both  creosoting  and  burnettizing,  is 
given  in  the  Bulletin  Number  9  of  the  United  States  Department  of 
Agriculture,  Division  of  Forestry  (1894),  on  the  authority  of  Mr.  Krutt- 
schmitt,  general  manager  of  the  Southern  Pacific  Railway's  preserving 
works,  located  at  Houston,  Texas.  For  creosoting  the  procedure  is 
as  follows: 

"A  vacuum  of  22  to  24  inches  is  created  (in  the  cylinder),  requir- 
ing about  ten  minutes.  Live  steam  is  then  turned  in,  destroying  the 
vacuum  and  giving  a  temperature  in  the  cylinders  of  about  125°  F. 
This  requires  from  fifteen  to  twenty  minutes.  The  vacuum  pump  is 
again  started,  and  a  vacuum  is  created  to  open  the  pores  of  the  wood 
well  and  to  have  the  cylinders  heated  uniformly.  This  requires  fifteen 
to  twenty  minutes.  Live  steam  is  again  turned  on,  and  the  pressure 
raised  to  30  pounds  in  about  ten  minutes,  being  held  at  this  from  six 
to  eight  hours,  according  to  the  size  and  kind  of  timber,  care  being 
taken  to  prevent  the  temperature  from  exceeding  250°.  Steam  is  then 
blown  off,  requiring  forty  minutes.  The  vacuum  pump  is  then  again 
put  into  operation,  and  for  the  third  time  a  vacuum  of  24  to  26  inches 
is  made,  requiring  about  ninety  minutes.  While  blowing  off  and  obtain- 
ing this  vacuum,  and  also  during  its  continuance,  the  superheater  is 
used  to  maintain  a  temperature  of  22 5 °  on  the  timber.  The  third 
vacuum  of  24  to  26  inches  is  maintained  from  four  to  six  hours,  after 
which  the  cylinders  are  filled  with  creosote  oil  at  a  temperature  of  about 
1700.     This  requires  about  thirty-five  to  forty  minutes. 

"  The  pumps  are  then  started,  and  the  pressure  is  raised  from  80  to 
100  pounds  per  square  inch  and  maintained  from  one  to  two  hours, 
according  to  the  kind  and  size  of  timber.  The  cylinders  are  then 
opened,  after  emptying  them  of  the  oil,  and  the  train  is  pulled  out  and 
another  charge  made  in  forty  to  sixty  minutes.  The  average  time  of 
treatment  is  from  eighteen  to  twenty  hours ;  the  average  absorption 
1^  gallons  per  cubic  foot." 

The  zinc-chloride  treatment,  as  carried  out  in  the  same  works,  is 
thus  described : 

"The  zinc  solution  contains  1.7  per  cent,  of  the  chloride  of  zinc. 
This  corresponds  to  2^°  on  the  scale  of  the  Beaum£  hydrometer. 

"First,  a  vacuum  of  22  to  24  inches  is  created,  this  requiring  about 
ten  minutes.  Live  steam  is  next  turned  in,  destroying  the  vacuum  and 
giving  a  temperature  of  about  125°  in  the  cylinder.  This  takes  fifteen 
to  twenty  minutes.     The  vacuum  pump  is  again  started  and  a  second 
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vacuum  created,  requiring  fifteen  to  twenty  minutes.  In  this  way  the 
pores  of  the  wood  are  well  opened  and  the  cylinder  heated  uniformly. 
Live  steam  is  then  again  turned  on  and  the  pressure  raised  to  30 
pounds,  giving  a  temperature  of  from  2400  to  2500  F.  This  requires 
about  forty  minutes.  The  steam  is  held  at  30  pounds  pressure  for 
from  three  and  one-half  to  six  hours,  according  to  the  kind  and  condi- 
tion of  timber.  Steam  is  then  blown  off,  taking  about  forty  minutes. 
The  vacuum  pump  is  again  started  and  a  third  vacuum  of  from  24  to 
26  inches  obtained,  requiring  about  ninety  minutes.  After  this  the 
cylinder  is  filled  with  the  zinc  solution,  taking  about  twenty-five  min- 
utes, and  the  pressure  is  then  raised  to  from  80  to  100  pounds  and 
held  at  this  for  from  one  to  one  and  one-half  hours,  depending  entirely 
upon  the  kind  and  the  condition  of  the  timber.  The  solution  is  then 
run  off,  taking  about  twenty  minutes.  The  cylinder  is  next  opened,  the 
train  pulled  out,  and  another  one  placed  in  ready  to  start  again  in  forty 
to  sixty  minutes  from  the  time  of  opening  the  cylinders. 

"The  average  time  of  treatment  is  from  eleven  to  twelve  hours. 
The  cost  of  treatment  of  a  tie  6  by  8  inches,  8  feet  long,  is  from 
9.5  cents  to  12  cents.  The  average  absorption  per  tie  is  four  and 
one-half  gallons." 

The  Wellhouse  process,  used  quite  extensively  by  some  Western 
railroads,  differs  only  from  the  straight  zinc-chloride  treatment  in  having 
some  glue  (two  pounds  of  glue  to  100  gallons  of  solution)  added  to  the 
zinc-chloride  solution  and  a  supplemental  treatment  with  a  tannin  solu- 
tion, designed,  as  before  explained,  to  coagulate  the  glue  and  form  an 
insoluble,  leather-like  compound,  which  is  to  hold  the  zinc  chloride  in 
the  wood. 

It  will  be  seen  that  under  conditions  of  present  practice  a  necessary 
part  of  the  work  is  the  preliminary  steaming  of  the  wood.  This  is 
admitted  to  be  injurious  to  the  wood.  In  Bulletin  Number  9,  before 
quoted,  we  find  on  page  263  the  following  reference  to  this :  "  But  such 
long-continued  steaming  will  soften  the  fibres,  weaken  their  coherence, 
and  reduce  the  strength  of  the  timber.  Experiments  made  in  Hanover 
show  that  the  ultimate  strength  of  Burnettized  wood  was  reduced  by 
one-fourth  to  one-tenth,  and  its  elastic  limit  by  one-seventh.  Some  of 
this  reduction  was  probably  due  to  the  action  of  the  antiseptic  used  — 
chloride  of  zinc ;  but  there  can  be  little  doubt  that  it  was  also  partly 
due  to  steaming.  Steaming  has  some  other  unfavorable  features.  A 
portion  of  the  albumen,  although  coagulated,  remains  behind  and  par- 
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tially  stops  up  the  cells,  hinders  the  free  circulation  of  steam  and  sap, 
and  ultimately  the  entrance  of  the  antiseptic  solution.  The  process, 
moreover,  does  not  fully  remove  the  viscid  ingredients  of  the  sap  which, 
next  to  albumen,  are  most  favorable  to  decay,  while  it  deprives  the  wood 
completely  of  the  essential  oils  and  of  tannic  acid,  which  are  to  some 
extent  preventives  of  decay." 

When  this  prolonged  steaming  is  followed  by  application  of  a  vacuum 
we  have  the  wood  submitted  to  further  injurious  effects.  The  cell  walls 
have  been  softened  and  the  cell  contents  washed  out,  in  part  at  least,  by 
the  steam,  and  the  effect  of  the  vacuum  cannot  but  be  to  cause  a  col- 
lapse of  the  cellular  structure  thus  impaired  and  a  still  further  weaken- 
ing of  the  wood  when  these  successive  influences  have  been  exerted. 
This  is  now  followed  by  the  introduction  of  the  impregnating  liquid 
and  the  application  of  prolonged  pressure,  the  effect  of  which,  applied 
externally  over  the  whole  surface  of  the  steamed  and  softened  wood, 
is  to  compress  the  weakened  tissue,  and  thereby  to  defeat  the  very 
intent  of  the  application  of  pressure,  viz.,  the  entrance  of  the  impreg- 
nating liquid  into  the  cellular  spaces.  The  consequence  is  that  after 
an  annular  space,  extending  at  most  a  few  inches  from  the  surface, 
becomes  saturated,  no  further  penetration  is  possible.  This  is  clearly 
seen  in  the  illustrations  already  cited.  Why,  then,  is  the  steaming  and 
application  of  vacuum  practiced  ?  Simply  because  without  such  soften- 
ing and  opening  up  of  the  exterior  layers  the  existing  cylinder  treat- 
ment would  accomplish  almost  nothing.  The  typical  form  of  cylinder 
is  shown  in  the  accompanying  illustration  (Figure  1).  It  is  from  62  to 
84  inches  in  diameter  and  from  85  to  112  feet  long,  closed  at  one  end, 
having  a  massive  door  at  the  other  swinging  either  horizontally  or  lifted 
vertically.  This  door  is  fastened  by  a  multi-locking  system  of  bolts 
passing  through  lugs  on  the  periphery  of  the  cylinder.  If  this  exter- 
nally closed  door  leaks,  no  uniform  pressure  can  be  maintained.  With 
any  pressure  above  150  pounds  the  cylinder  leaks  freely,  and  then  the 
pressure  pump  must  make  it  up,  if  the  pressure  is  to  be  maintained, 
and,  in  speeding  up,  its  reciprocating  shocks  delivered  against  wood, 
whose  exterior  surface  has  been  softened  by  previous  steaming,  exerts 
a  most  damaging  and  disastrous  effect.  Therefore  a  lower  pressure  is 
used  to  avoid  that  compression  of  the  wood,  but  a  much  longer  time 
is  required,  and,  as  shown  in  the  illustrations  of  Bulletin  Number  14 
before  referred  to,  a  partial  impregnation  is  the  best  that  can  be 
accomplished. 
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I  wish  now  to  call  attention  to  a  radical  departure  from  these 
methods  of  impregnation  which,  I  believe,  is  to  effect  a  revolution  in 
the  practice  of  tie-treating,  as  it  has  already  done  in  the  impregnation 
of  wood  for  fire-proofing  or  making  it  fire-resistant  to  a  degree  beyond 
anything  before  accomplished. 

In  a  paper  which  I  read  January  9,  1903,  before  the  American 
Chemical  Society  and  the  Society  of  Chemical  Industry  in  joint  meeting 
at  New  York,  and  which  was  published  in  the  Journal  of  the  Society 
of  Cliemical  Industry  for  February  28,  1903,  I  described  the  Ferrell 
apparatus  for  the  saturation  of  wood  with  fire-proofing  substances  and 
exhibited  the  results  of  this  process.  The  same  inventor  has  invented 
and  patented  a  tie-treating  machine  which,  while  embodying  some  of  the 
essential  mechanical  features  of  the  machine  used  for  fire-proofing  wood, 
is  specially  adapted  to  the  tie  problem.  Both  machines  are  shown  in 
the  accompanying  illustrations  (Figures  2  and  3).  The  large  cylinder 
for  general  saturating  work  is  made  up  of  cast-steel  flanged  sections, 
2\  inches  thickness  of  metal,  with  a  special  hydraulic  joint  at  the 
flanges  capable  of  enduring  a  hydraulic  pressure  of  1,000  pounds  per 
square  inch.  At  each  end  is  a  domed  gate  with  a  vertical  hydraulic 
cylinder,  superimposed,  which  operates  a  vertical  gate-valve  weighing 
5  tons.  The  gate  is  provided  with  phosphor-bronze  rings,  as  also  the 
inner  and  outer  guide  surfaces;  when  the  internal  operating  pressure 
comes  upon  the  gate  these  ring  surfaces  coincide  and  the  joint  is 
perfect,  whether  with  10  pounds  or  1,000  pounds  pressure.  The 
greater  the  pressure,  the  tighter  the  joint.  It  is  exactly  the  reverse 
of  the  old  externally  applied  gate,  which  leaks  as  the  pressure  increases. 
Furthermore,  all  possibility  of  communicated  shock  from  the  pressure 
pump  is  obviated  by  the  interposition  of  a  hydraulic  accumulator  loaded 
to  the  normal  saturating  pressure  of  each  kind  of  wood,  which  has  been 
determined  by  careful  experiment  once  for  all.  No  steaming  and  no 
vacuum  are  necessary,  and  the  saturation  is  carried  on  at  normal  tem- 
perature without  any  injury  to  the  structural  strength  of  the  wood,  as 
has  been  verified  by  physical  strength  tests  applied  to  the  finished 
product. 

For  tie-treating,  however,  it  has  been  found  more  advantageous  to 
use  a  machine  for  saturating  the  ties  individually,  instead  of  collectively 
in  numbers,  and  this  operation  is  carried  out  with  great  speed  and 
absolute  thoroughness  and  uniformity.  The  machine,  with  respect  to 
its  hydraulic  gate,  is  similar  to  the  large  universal  machine.     It  has, 
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however,  a  gate  at  one  end  only,  and  is  only  a  few  inches  longer  than 
the  tie.  Each  tie  is  packed  so  that  the  ends  are  wholly  separated 
from  the  sides  by  the  application  to  each  end  of  a  heavy  rubber  ring 


fitted  in  a  cast-iron  pad.  The  saturating  chemical  is  applied  at  one  end 
and  a  valve  at  the  other  end  of  the  machine  is  left  open,  so  that  as 
the  chemical  enters  under  heavy  accumulator  pressure  at  the  one  end 
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it  drives  before  it  on  the  sap  lines  all  the  cellular  air  contents  and  sap 
water,  which  find  their  exit  through  the  other  end  of  the  tie  and  out 
of  the  machine  through  the  valve  placed  for  that  purpose.  When  the 
sap  water,  should  there  appear  to  be  any,  is  wholly  discharged,  and 
the  saturating  chemical  makes  its  appearance  and  no  further  expulsion 
exhibits  itself,  the  exit  valve  of  the  machine  is  closed,  while  the  pressure 
is  still  maintained,  and  the  liquor  thus  forced  in  finds  its  way  to  the 
surface  of  the  tie  through  the  medullary  rays,  and  then  the  saturation 
is  complete.  By  this  process  it  will  be  observed  that  the  saturation  with 
the  chemical  is  effected  from  the  centre  of  the  tie  to  its  surface,  fol- 
lowing the  lines  traversed  by  the  sap  and  the  medullary  rays  to  the 
surface,  as  opposed  to  the  old  method  of  attempting  to  force  the  liquor 
by  a  compression  system  from  the  surface  to  the  centre,  leaving  no 
outlet  whatever  for  the  inclosed  air  of  the  cells  and  the  sap  water  con- 
tained in  the  tie.  The  whole  saturating  process  requires  on  an  average 
not  over  nine  minutes  from  the  time  the  pressure  is  applied  until  the 
liquid  comes  to  the  surface  of  the  wood  on  the  sides. 

It  will  be  seen  that  this  is  in  one  sense  a  return  to  the  Boucherie 
end  method  of  injection,  which  was  brought  out  in  France  over  sixty 
years  ago,  but  a  little  consideration  will  show  that  it  is  capable  of  results 
impossible  by  the  Boucherie  method.  This  latter  depended  for  its  effi- 
ciency on  the  fresh  condition  of  the  wood  whereby  the  liquid  sap  could 
be  displaced  by  the  antiseptic  solution  with  the  aid  of  a  very  slight 
pressure,  such  as  would  be  given  by  placing  the  reservoir  of  impreg- 
nating solution  at  a  moderate  height  above  the  horizontally  placed  tree 
trunk  or  tree  section.  The  new  process  not  only  takes  advantage  of 
the  existence  of  sap  channels,  but  follows  that  up  by  the  forcing  of  the 
solution  from  centre  to  circumference  by  the  aid  of  a  steady,  strong 
pressure.  The  completeness  of  the  saturation  is  readily  shown  by 
sections  cut  from  the  interior  of  heavy  ties.  Of  course  it  is  obvious 
that  any  solution  can  be  used  with  this  form  of  apparatus,  and  can  be 
put  into  the  wood  throughout  its  whole  interior  cellular  area.  We  are 
thus  allowed  to  choose  the  antiseptic  entirely  upon  its  merits  as  a 
preservative  of  woody  tissue  or  because  of  other  advantageous  qualities. 

The  Ferrell  Flameless  Wood  Company  has  found  that  the  maximum 
of  fire-resistant  quality  is  given  to  wood  by  the  use  of  aluminum  sul- 
phate without  any  accompanying  injury  to  the  structural  strength  of 
the  wood  or  the  production  of  any  deleterious  characters  in  the  prod- 
uct.    From  these  experiments  and  the  experience  of  several  years  of 
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study  of  the  problem,  the  company  has  been  led  to  believe  that  a 
mixture  of  aluminum  sulphate  with  ferrous  sulphate,  made  slightly  basic 
by  previous  treatment  with  alkali,  will  give  a  cheap  and  strongly  anti- 
septic solution  that  could  be  used  to  great  advantage.  The  wood  seems 
to  harden  without  becoming  brittle  under  this  treatment,  and  is  inca- 
pable of  leaching  after  it  has  been  allowed  to  dry  properly.  At  all 
events,  the  thorough  impregnation,  now  for  the  first  time  made  possi- 
ble, and  the  thorough  displacement  of  the  alterable  elements  of  the 
wood  will  make  tie  treatment  a  sure  and  profitable  means  of  greatly 
increasing  the  life  of  the  wood  used. 

Philadelphia,  Pennsylvania. 
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CONTRIBUTION  TO  OUR  KNOWLEDGE  OF  WHITE  LEAD 
AND  OF  ITS  PROTECTING  PROPERTIES. 

By  AUGUSTUS    H.   GILL  and  STANLEY    A.   FOSTER. 

The  statement  is  made  in  some  of  the  books1  that  of  all  the 
common  pigments  white  lead  is  the  only  one  that  combines  with  the  oil 
in  which  it  is  ground.  Save  for  repetition  in  other  books  the  statement 
lacked  confirmation,  and  it  was  with  the  object  of  corroborating  this 
observation  that  this  work  was  undertaken ;  and  incidentally  a  study 
was  made  of  the  protective  effects  of  the  constituents  of  white  lead. 

White  lead  has  the  composition  2PbCOg,  PbOaH2.  This  hydrate 
combines  to  a  greater  or  less  extent  with  the  oil  to  form  a  soap  or 
varnish  in  which  the  remaining  constituent  of  the  white  lead  is  united 
as  an  emulsion.  Solvents  like  gasolene  or  ether  do  not  extract  all  the 
oily  matter,  consequently  some  must  be  in  combination  with  the  lead. 
This  combination,  or  soap,  is  supposed  to  impart  to  the  white  lead  the 
property — possessed  by  no  other  pigment  to  such  a  degree — of  flowing 
readily  and  evenly  from  the  brush. 

To  determine  if  a  lead  soap  were  formed,  some  white  lead  ground 
in  linseed  oil  was  treated  in  a  Soxhlet  extractor  with  gasolene  until 
nothing  more  could  be  extracted ;  the  mass  was  removed  from  the 
extractor  and  dissolved  in  hot  concentrated  hydrochloric  acid.  The 
mixture  was  filtered,  and  a  dark-brown,  curdy  substance,  resembling 
oxidized  linseed  oil,  remained  behind,  containing  some  lead  chloride, 
which  was  washed  out  with  hot  water.  The  residual  substance  was 
of  a  spongy  nature,  insoluble  in  alcohol,  ether,  and  sodium  hydrate ; 
upon  ignition  an  odor  resembling  tallow  was  given  off.  An  attempt 
was  made  to  saponify  this  compound,  but  without  success. 

Chrome  yellow,  PbCr04 ;  red  iron  oxide,  Fe2Os ;  "  sublimed  white 
lead,"  PbS04,  and  "  French  zinc,"  ZnO,  were  each  extracted  as  above, 
and  upon  treating  the  residue  with  acid  were  completely  dissolved. 
This  would  seem  to  indicate  that  there  is  a  chemical  action  between 
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white  lead  and  linseed  oil  which  does  not  take  place  with  other  pig- 
ments. That  this  chemical  action  produces  a  lead  soap  is  shown  by 
the  presence  of  the  spongy  mass,  probably  oxidized  fatty  acids,  after 
treatment  of  the  extracted  portion  with  hot  concentrated  hydrochloric 
acid  and  hot  water. 

It  is  evident,  therefore,  that  of  the  pigments,  chrome  yellow,  "sub- 
limed white  lead,"  Venetian  red,  zinc  white,  and  white  lead,  the  latter  is 
the  only  one  which  combines  with  the  oil. 

In  order  to  determine  just  what  part  the  lead  soap  plays  in  the 
properties  of  white  lead  as  a  paint,  the  following  experiments  were 
carried  out.  Some  chemically  pure  lead  hydrate,  lead  carbonate,  and 
lead  linoleate,  which  was  presumably  the  lead  soap  formed,  were  sepa- 
rately prepared  and  ground  in  linseed  oil ;  commercial  white  lead  and 
"sublimed  white  lead"  were  used  also. 

The  lead  hydrate  and  carbonate  were  made  by  treating  lead  acetate 
with  sodium  hydrate  or  carbonate,  removing  the  precipitated  lead  hydrate 
or  carbonate,  and  drying  with  alcohol  and  ether.  The  lead  linoleate  was 
made  by  saponifying  linoleic  acid  with  lead  hydrate.  This  linoleic  acid 
was  prepared  according  to  the  procedure  outlined  by  Mr.  H.  A.  Richard- 
son in  his  thesis,  Massachusetts  Institute  of  Technology,  1887;  S°° 
grams  of  linseed  oil  were  saponified  by  heating  with  150  grams  of 
caustic  soda  and  700  cubic  centimeters  of  alcohol  on  a  water  bath  with 
a  return  condenser.  The  soap  formed  was  dissolved  in  water  and 
precipitated  with  100  grams  of  calcium  chloride.  The  calcium  salts 
of  the  fatty  acids  thus  formed  were  extracted  with  alcohol,  dissolving 
the  calcium  linoleate,  acidified  with  dilute  hydrochloric  acid,  and  the 
fatty  acid  was  extracted  with  ether. 

The  five  pigments,  prepared  as  above,  were  applied  to  strips  of 
sheet  steel  6x2  inches  and  subjected  to  Loesner's  steam  test. 

The  method  of  procedure  was  as  follows :  each  piece  of  steel,  after 
having  been  thoroughly  cleaned  by  an  emery  wheel  and  dried  with 
alcohol,  was  given  two  coats  of  paint,  each  coat  being  allowed  to  dry 
at  least  four  days.  The  pigments  were  ground  in  linseed  oil  imme- 
diately preceding  their  application  to  the  steel.  The  lead  hydrate  upon 
drying  turned  red. 

Loesner's  steam  test l  consists  in  placing  the  painted  pieces  of  steel 
over  the  aperture  of  a  constant  level  water  bath  at  the  height  of  5  centi* 


1  Chem.  Rev.  Fettu.  Harz.  Ind.,  pp.  4,  24,  329. 
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meters  above  the  water,  and  supported  upon  strips  of  wood  at  each  end 
to  prevent  abrasion.  After  fifteen  hours'  exposure  to  the  ascending 
steam  the  paint  was  dried  at  ioo°,  softened  with  aniline,  and  removed 
with  a  soft  brush.  The  strips  were  then  dried  with  alcohol  and  examined 
for  rust. 

In  each  case  the  pigments  were  applied  to  three  different  pieces  of 
steel  for  comparison.  The  following  table  gives  the  appearance  of  the 
paint  after  exposure  to  the  steam  test  and  drying  at   ioo°  : 


Behavior  of  White  Lead  and  its  Components  when  Subjected  to  Loesner's 

Steam  Test. 


White  lead  .    . 
Lead  carbonate 

Lead  hydrate 

Lead  linoleate 
Lead  sulphate 


I. 


Surface  good. 

Slightly  blistered  and 
pitted. 

Blistered  badly. 


Quite  bare  of  paint. 
Slightly  blistered. 


II. 


Surface  good. 

Blistered  and  pitted. 

Bare  surfaces  in  some 
places. 

Pitted    and    bare    in 
some  places. 

Surface  good. 


III. 


Surface  good. 
Fair. 

Blistered  badly. 

Bare  in  small  places. 
Surface  good. 


Appearance  of  Steel  after  the  Loesner  Test. 


White  lead  .    . 
Lead  carbonate 


Lead  hydrate 


Lead  linoleate 


Lead  sulphate 


Very  slight  corrosion. 

Slight  corrosion. 

Much   corrosion    dis- 
tributed evenly. 

Much  corrosion. 

Slight  corrosion. 


II. 


Very  slight  corrosion. 
Slight  corrosion. 


Much  corrosion. 


Slight  corrosion. 


III. 


No  corrosion. 


No  corrosion. 


Much  corrosion. 


Slight  corrosion. 


From  these  experiments  it  would  seem  that  white  lead  stood  the  test 
better  than  any  of  the  other  pigments,  and  that  none  of  its  constituents 
were  equal  to  it  in  covering  power.  Lead  linoleate  would  seem  to  be 
of  no  value  except  to  increase  the  working  quality  of  the  paint,  enabling 
it  to  flow  better  under  the  brush. 
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THE  RECENT  CONFLAGRATION  IN  BALTIMORE. 

By  C.  L.  NORTON. 
(Read  April  7,  1904.) 

I  visited  Baltimore  five  days  after  the  beginning  of  the  fire  and 
spent  three  days  in  looking  over  the  field  in  a  general  way,  interviewing 
eye-witnesses,  and  making  a  rather  limited  examination  of  the  ruins 
largely  from  the  streets.  Ten  days  later  I  made  a  second  visit  of  four 
days,  spending  the  time  almost  wholly  in  studying  the  condition  of 
the  so-called  fire-proof  buildings,  examining  them  all  except  the  Herald 
building.  The  details  of  the  fire  and  the  general  description  of  the 
condition  of  the  district  after  the  fire  have  been  so  thoroughly  pub- 
lished as  to  call  for  no  further  repetition  here,  and  it  is  my  purpose 
to  call  attention  only  to  the  more  technical  lessons  to  be  learned  from 
this  conflagration. 

A  study  of  the  conditions  prevailing  in  the  portions  of  Baltimore 
which  were  recently  destroyed  by  fire,  and  of  the  structures  in  this 
district  after  the  fire,  leads  to  two  general  lines  of  suggestion  for  future 
safety  of  similar  districts  in  cities  now  built  or  to  be  built. 

The  first  thought  that  occurs  to  one  in  looking  over  the  situation  is 
the  similarity  of  conditions  prevailing  in  almost  all  large  cities  in  the 
matter  of  lack  of  preventive  measures  for  retarding  the  spread  of  fire 
from  building  to  building  —  the  lack  of  protection  against  exposure 
hazard.  The  second  thought  brought  home  by  the  towering  remains 
of  the  tall  steel-frame  buildings  is  the  failure  of  the  word  "  fire-proof " 
to  give  any  proof  of  its  right  to  exist  as  applied  to  such  buildings. 

The  danger  of  spread  of  fire  through  the  whole  of  such  a  district 
needed  no  new  emphasis.  Boston,  Chicago,  Paterson,  and  other  cities 
had  shown  that  none  of  the  preventive  measures  in  use  in  such  cities 
would  avail  against  a  fire  started  during  a  gale  of  wind  in  a  district 
composed  largely  of  buildings  of  inferior  construction.  What  happened 
in  Baltimore  is  likely  to  happen  in  New  York  or  Boston,  if  once  a  fire 
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gets  well  under  way.     The  danger  is  not  so  great,  perhaps,  in  some 
other  cities  as  it  was  in  Baltimore,  but  its  presence  must  be  admitted. 

The  measures  to  be  adopted  to  prevent  the  possible  spread  of  con- 
flagration in  cities  have  been  enumerated  by  abler  pens  than  mine,  but  I 
will  venture  upon  a  few  suggestions :  First,  remove  from  these  crowded 
cities  the  greatest  cause  of  quick  spread  of  fire,  in  the  shape  of  explosive 
material.  It  has  been  said  that  explosions  of  chemicals  occurred  in  the 
early  part  of  this  fire ;  but  whether  or  not  this  was  really  the  case,  or 
whether  there  was  a  series  of  so-called  hot-air  explosions  from  the 
products  of  distillation,  it  seems  clear  that  something  in  the  nature  of 
an  explosion  scattered  the  fire. 

As  is  well  known,  the  products  of  distillation  in  a  slow  fire  smolder- 
ing for  some  time  before  becoming  rapid  in  its  spread  may,  when  mixed 
with  air,  become  explosive.  The  opening  of  a  door  or  breaking  of  a 
window  may  cause  a  draft  that  leads  the  flames  toward  the  smoky 
mixture  and  starts  the  explosion,  known  to  the  firemen  as  a  "hot-air" 
explosion.  Sprinklers  and  ventilation  and  stops  in  vertical  openings 
tend  to  minimize  this  danger. 

Stringent  laws  against  storing  explosive  merchandise  and  care  in 
installing  ventilation  systems,  thermostat  systems,  and  sprinklers  will 
tend  to  minimize  the  danger  of  early  spread  of  fire  by  explosion. 

Unless  violently  scattered  as  by  an  explosion,  fire  spreads  through 
such  a  district  by  the  carrying  of  sparks,  by  direct  contact  of  flame, 
and  by  radiation  across  open  spaces.  Protection  against  all  these 
dangers  is  to  be  sought  by  means  of  non-inflammable  roof  materials, 
shutters,  wired  glass,  in  metal  or  metal-covered  frames  for  all  openings, 
and  roof  hydrants. 

Fire  has  apparently  in  this  case  found  its  way  from  building  to 
building  through  doors  and  windows  and  through  roofs  which  offered 
but  slight  resistance.  There  were  buildings  in  this  district  equipped 
with  tinned  and  sheet-iron  shutters  and  some  with  other  protective 
devices,  but  few  or  none  withstood  against  the  enormous  volume  of 
flame  and  hot  gases  coming  from  the  majority  of  partially  protected  or 
unprotected  risks.  There  is  nothing  new  in  this,  but  it  is  a  condition 
so  common  and  so  dangerous  as  to  bear  repeated  references. 

I  am  satisfied  that  with  roof  hydrants  having  a  good  supply  of  water, 
and  the  universal  use  of  wired  glass  and  tinned  shutters  and  metal- 
covered  sash  in  this  district,  the  Baltimore  fire  of  1904  had  been 
relatively  a  small  conflagration.     And,  further,  the   systematic   use  of 
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these  three  preventive  appliances  and  sprinkler  systems  in  other  cities 
where  they  are  not  in  use  would  greatly  decrease  the  conflagration 
risk. 

The  second  and  more  interesting  line  of  suggestion  comes  from  a 
minute  study  of  the  condition  of  some  seventeen  so-called  "  fire-proof  " 
buildings  in  the  burned  district.  Some  of  these  are  untouched.  Some 
are  ruined.  Some  are  sadly  damaged.  Let  us  see  why  their  conditions 
are  so  different  and  why  some  fared  so  badly. 

It  is  apparent  at  once  that  some  of  the  buildings  are  intact  in  large 
part  because  of  their  having  been  less  vigorously  attacked  by  the  fire 
than  were  the  others  and  for  no  other  apparent  reason. 

These  buildings  being  low,  surrounded  by  taller  neighbors,  or  situ- 
ated on  street  corners,  seem  to  have  been  actually  jumped  over  by  the 
wave  of  combustion.  There  is  ample  evidence  that  the  outside  of  these 
buildings  did  not  rise  in  temperature  to  the  igniting  point  of  wood  or 
paint.  On  some  of  them  not  even  the  skylights  are  broken,  and  an 
almost  incredibly  small  amount  of  damage  was  done  to  their  exterior. 
In  most  cases  the  buildings  may  be  said  to  have  been  without  a  severe 
fire  trial. 

A  second  group  of  fire-resisting  buildings  includes  those  which  have 
been  well  described  by  the  word  "  monumental."  The  court  house  and 
city  hall  offer  examples  of  this  type,  being  heavy  stone  buildings,  with 
comparatively  few  window  openings.  Offering  a  small  area  for  the 
entrance  of  fire  and  a  non-inflammable  exterior,  these  buildings  with- 
stood great  heat,  with  no  damage  except  from  the  spalling  of  the  stone 
and  charring  of  window  frames.  It  should  not  be  assumed,  however, 
that  the  fire  was  driven  toward  these  buildings  with  such  fury  as  that 
which  it  expended  on  some  of  the  steel-frame  buildings,  as  accounts 
indicate  that  a  change  in  the  wind  diverted  the  fire  from  them  at  the 
most  opportune  time.  On  the  whole,  these  monumental  buildings 
demonstrate  the  effectiveness  of  a  minimum  window  area  in  reducing 
the  danger  of  ignition,  rather  than  anything  else.  They  further  call 
attention  to  the  frailty  of  stone.  The  modern  steel-frame  construction, 
popularly  called  "fire-proof,"  was  exemplified  by  some  half-score  of 
buildings  in  the  edge  and  centre  of  the  burned  area.  These  build- 
ings furnish  material  for  much  study,  and,  from  their  defects  as  here 
demonstrated,  I  have  no  doubt  that  we  may  learn  much  that  will  go 
far  to  prevent  even  the  partial  destruction  of  such  buildings  built  in 
the  future. 
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The  general  condition  of  the  steelwork  itself  is  apparently  good, 
except  in  a  few  instances.  Neither  the  fire  nor  corrosion  preceding 
the  fire  has  sensibly  affected  it,  if  we  may  judge  from  its  appearance. 
The  "  fire-proof "  buildings  of  steel-frame  construction  show  in  general 
failures  along  the  same  lines.  Where  the  walls  are  substantial  and  of 
good  red  brick,  they  stood  the  test  fairly  well.  There  was  some  spall- 
ing  and  in  some  cases  a  crumbling,  but  good  red  bricks  seem  to  have 
lived  up  to  their  earlier  reputation.  Where  brickwork  of  a  lighter 
color,  ornamented  with  terra  cotta,  was  used,  considerable  more  damage 
was  noticeable,  especially  after  the  slight  snowstorms  of  the.  week  fol- 
lowing the  fire.  Stone  trimmings,  almost  universal  on  the  lower  fronts, 
demonstrated  the  unfitness  of  that  material  beyond  all  question.  Gran- 
ite, marble,  sandstone,  and  limestone  all  fared  about  alike,  even  when, 
as  near  as  can  be  ascertained,  very  little  or  no  water  was  thrown  upon 
them.  In  general  all  outside  wall  material  suffered,  but  brick  much- less 
than  the  rest. 

It  has  already  been  said  that  the  steel  frames  themselves  appeared 
in  good  condition.  Exceptions  to  this  may  be  found  in  the  Equitable 
Building  and  in  the  upper  stories  of  some  of  the  others.  None  of  these 
frames,  however,  collapsed  and  none  is  likely  to  do  so,  though  some 
posts  and  beams  were  bent  or  crushed  and  some  will  need  to  be 
replaced  in  nearly  every  one  of  the  steel-frame  buildings.  The  light 
steel  frame  of  the  somewhat  older  Equitable  Building  is  seriously 
injured  and  a  considerable  amount  of  reconstruction  is  needed  here. 
Posts  are  bent  and  sagged  and  beams  are  badly  deflected.  It  is  prob- 
able that  this  light  frame  was  subjected  to  a  great  strain  from  the 
falling  of  the  safes  after  the  plank  top  floor  burned  through,  the  arches 
of  terra  cotta  not  being  strong  enough  to  carry  their  weight. 

The  steel  frames  will  need  careful  examination  to  note  possible 
distortion  or  weakening.  In  general  the  frames  are  not  injured  by 
more  than  10  per  cent.,  and  in  some  cases  by  a  much  less  amount, 
though  in  the  Equitable  Building  the  loss  to  the  steel  would  seem  to 
be  between  50  per  cent,  and  75  per  cent.,  or  even  more. 

The  posts  and  beams  in  about  all  these  buildings  were  covered 
either  with  terra  cotta  or  with  "  lime-teil,"  a  material  whose  composi- 
tion appears  to  be  in  the  nature  of  a  plaster  and  cinder  mixture. 
Generally  the  covering  served  its  protective  purpose  well,  but  was 
itself  destroyed  or  badly  damaged.  A  very  large  percentage  of  the 
terra  cotta  and  lime-teil  block  must  be  replaced,  and  it  is  the  general, 


I  Upper  Story  of  the  Equitable  Building. 
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almost  universal,  condition  that  the  beam  covering  of  the  flanges  is 
gone.  The  loss  of  terra  cotta  beam  and  post  coverings  was  at  least 
75  per  cent. 

The  partitions  of  terra  cotta  and  lime-teil  are  very  largely  destroyed 
and  the  unfitness  of  these  materials  for  this  purpose  seems  clear. 
Many  partitions  have  fallen  and  more  are  in  such  condition  that  they 
must  be  replaced.  Much  of  the  lime-teil  is  softened  and  the  terra 
cotta  is  cracked  or  broken  and  the  bond  between  blocks  is  loosened. 
If  metal  lath  partitions  were  in  existence  to  any  great  extent,  they 
failed  as  well,  for  few  were  in  evidence  in  good  order. 

The  floor  arches  of  many  different  spans  and  of  different  details  of 
construction,  but  in  the  main  of  terra  cotta  or  lime-teil,  show  much  the 
same  sort  of  distress  as  the  partitions.  The  bond  between  the  tiles  is 
broken,  quite  generally,  and  the  tiles  themselves  are  cracked  and  broken 
in  great  numbers.  The  lower  face,  or  soffit,  of  the  tiles  has  split  off 
over  large  areas,  and  50  per  cent,  or  60  per  cent,  of  the  terra  cotta  floor 
construction  will,  I  fear,  need  to  be  replaced  or  reenforced. 

Where  concrete  floor  arches  and  concrete  steel  construction  received 
the  full  force  of  the  fire  it  appears  to  have  stood  well,  distinctly  better 
than  the  terra  cotta. 

The  reasons,  I  believe,  are  these :  First,  because  the  concrete  and 
steel  expand  at  sensibly  the  same  rate,  and  hence  when  heated  do  not 
subject  one  another  to  stress,  but  terra  cotta  usually  expands  about 
twice  as  fast  with  increase  in  temperature  as  steel,  and  hence  the  par- 
titions and  floor  arches  soon  become  too  large  to  be  contained  by  the 
steel  members  which  under  ordinary  temperature  properly  enclose  them. 
Under  this  condition  the  partition  must  buckle  and  the  segmental  arches 
must  lift  and  break  the  bonds,  crushing  at  the  same  time  the  lower 
surface  member  of  the  tiles.  Especially  in  the  Calvert  Building  I  found 
evidence  which  leads  me  to  believe  that  not  an  excessive  temperature, 
but  the  differential  expansion  under  a  moderate  high  temperature  of  the 
terra  cotta  of  the  top  and  bottom  members  and  of  the  enclosing  steel 
is  responsible  for  the  general  failure  of  the  terra  cotta  partitions,  beam 
covering,  and  floor  arches.  Secondly,  Mr.  Gray  suggests  that  there  is 
a  similar  unequal  expansion  of  the  top  and  bottom  faces  of  the  separate 
tiles,  which  causes  the  lower  faces  to  expand  and  shear  off.  Evidences 
of  this  were  found  everywhere. 

Further  examination  of  the  expansion  phenomena  points  to  them  as 
the  main  source  of  distress  to  the  whole  beam  and  post  covering,  floor, 
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arches,  and  partitions.  Most  of  the  fallen  terra  cotta  partitions  and  the 
floor  blocks  were  still  hard  and  had  a  clear  ring  when  struck,  though 

# 

cracked  and  broken.  There  was  no  evidence  of  any  such  temperature 
as  that  at  which  the  terra  cotta  had  been  baked  originally,  and  the 
material  of  the  blocks  could  not  have  been  altered  chemically.  It  will 
be  readily  understood  that  the  thin-walled  hollow  tiles  would  become 
heated  upon  one  side  much  more  quickly  than  would  the  equivalent 
area  of  a  solid  partition  of  brick  or  concrete.  Terra  cotta,  cinder  con- 
crete, and  stone  concrete  all  have  about  the  same  heat-absorbing  power, 
or  specific  heat,  and  hence  the  heavier  and  more  solid  the  partition  or 
floor,  in  other  words,  the  more  material  there  is  in  it,  the  slower  will 
be  its  rise  in  temperature  and  its  subsequent  expansion. 

I  question  whether  any  floor  containing  so  little  material  on  its  outer 
faces  as  did  these  hollow  blocks  could  remain  sufficiently  cool  in  this 
fire  to  avoid  serious  injury  from  expansion. 

The  minor  details  of  the  structure  and  finish  fared  badly.  Wood 
is  not  in  evidence  except  in  secluded  corners.  Marble,  slate,  plaster, 
and  in  fact  all  similar  surfacing  material  suffered  to  the  point  of 
destruction.  The  cast-iron  stair  frames  and  rails  stood  remarkably 
well  in  most  instances. 

The  building  of  United  States  Fidelity  and  Guarantee  Company  is 
an  interesting  example  of  reenforced  concrete  in  the  district.  As  near 
as  I  could  ascertain,  it  was  subjected  to  a  severe  fire  and  I  found  evi- 
dence of  temperatures  up  to  the  softening  point  of  cast  iron.  The 
condition  of  the  lower  part  of  the  structure  and  apparently  of  the 
whole  structure  showed  the  great  fire-resisting  powers  of  this  type  of 
building.  It  is  of  especial  interest  in  that  the  Insurance  Engineering 
Experiment  Station  made  a  preliminary  test  on  an  arch  of  this  same 
type  and  of  almost  this  exact  thickness  and  span  and  weight  of  metal, 
which  failed  because  of  the  slender  6-inch  posts,  and  not  through  the 
failure  of  the  floor,  at  the  end  of  three  hours  and  forty  minutes'  exposure 
to  a  1,700°  to  2,000°  F.  fire. 

Further,  in  the  International  Trust  Company  Building  a  small  paper 
room,  having  a  Hennibique  floor  and  ceiling,  was  so  intensely  heated 
that  at  the  end  of  three  days  the  lumps  of  cast  iron  which  had  earlier 
been  a  copying  press  and  an  embossing  stamp  were  still  red-hot,  and 
yet  neither  floor  nor  ceiling  show  signs  of  distress.  This  is  the  more 
remarkable  in  that  the  walls  of  the  adjoining  building  fell  through  the 
skylight  upon  the   Hennibique  floor.     There  were  in  the  Commercial 
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and  Farmers  National  Bank  and  in  the  National  Bank  of  Commerce 
concrete  floors  which  stood  the  fire  test  well. 

The  general  condition  of  the  fire-proof  building  is  such  as  to  indicate 
to  my  mind  the  unfitness  of  terra  cotta  for  beam  and  post  covering  and 
floor  construction  as  here  used  when  compared  with  concrete  or  brick- 
work. Second,  there  is  no  evidence  that  the  tall  steel  building  was 
subjected  to  an  unusually  severe  test.  While  it  must  be  admitted  that 
not  enough  concrete  received  the  full  effect  of  the  fire  to  make  the  test 
a  perfectly  complete  one,  when  I  add  to  this  the  experience  of  several 
years  in  examining  the  action  of  fire  upon  concrete,  I  am  convinced  that 
had  the  floors  of  the  Continental  Trust  or  the  Calvert  Building  been  of 
any  one  of  the  better  class  of  concrete  types,  and  had  the  beams  and 
posts  been  encased  in  4-inch  coatings  of  sound  concrete,  then  renewal 
would  have  required  little  but  plastering. 

Little  difference  in  the  action  of  the  fire  on  stone  concrete  and 
cinder  concrete  could  be  noted,  and,  as  I  have  earlier  pointed  out,  the 
burning  of  the  bits,  of  coal  in  poor  cinder  concrete  is  often  balanced  by 
the  splitting  of  the  stones  in  the  stone  concrete.  I  never  have  been 
able  to  see  that  in  the  .long  run  either  stood  fire  better  or  worse  than 
the  other.  However,  owing  to  its  density,  the  stone  concrete  takes 
longer  to  heat  through.  When  brick  or  terra  cotta  are  heated  no 
chemical  action  occurs;  but  when  concrete  is  carried  up  to  about 
i,ooo°  F.,  its  surface  becomes  decomposed,  dehydration  occurs,  and 
water  is  driven  off.  This  process  takes  a  relatively  great  amount  of 
heat.  It  would  take  about  as  much  heat  to  drive  the  water  out  of  this 
outer  quarter-inch  of  the  concrete  partition  as  it  would  to  raise  that 
quarter-inch  to  i,ooo°  F.  Now  a  second  action  begins.  After  dehy- 
dration the  concrete  is  much  improved  as  a  non-conductor,  and  yet 
through  this  layer  of  non-conducting  material  must  pass  all  the  heat 
to  dehydrate  and  raise  the  temperature  of  the  layers  below,  a  process 
which  cannot  proceed  with  great  speed. 

Much  has  been  said  about  the  uncertainty  of  concrete.  The  value 
of  concrete  in  theory  is  often  admitted  by  those  who  consider  it  unwise 
to  use  it  because  of  the  difficulty  of  getting  the  materials  properly  pro- 
portioned, mixed,  and  placed  in  position.  I  have  never  been  able  to 
see  the  force  of  this.  It  is  quite  as  easy  to  lay  sound  concrete  as  it 
is  to  put  somewhat  irregular  and  confessedly  brittle  blocks  of  terra 
cotta  into  place  with  proper  bonding.  The  main  difference  seems  to 
be  that  poor  concrete  reveals  its  weakness  when  it  falls  on  /'pulling 
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Fig.  7. — View  in  the  Light  Well  on  the  Rear  of  the  Continental  Trust 
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Fig.  8. — Thirty-six-inch   Stone  (Granite)  Column  in  U.  S.  Storehouse. 
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Fig.  9.— Ferro-concrete  Structure  Standing  after  the  Fire. 
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the  centres,"  while  terra  cotta  is  likely  to  be  strong  enough  to  hold 
itself  in  position  even  when  it  can  do  little  more.  Further,  a  prolonged 
search  revealed  only  occasional  evidence  of  temperatures  as  high  as 
2,400°  F.,  and  no  instance  could  be  found  of  real  fusion  of  terra  cotta 
or  brick  in  them.  Occasional  evidences  of  temperature  of  2,200°  F. 
were  found,  but  in  general  there  was  ample  evidence  that  the  temper- 
ature of  the  fire  in  these  buildings  had  never  in  most  places  risen  above 
1,700°  F.  This  is  likely  to  happen  in  almost  any  office  building  where 
little  care  is  taken  as  to  the  nature  of  its  contents,  and  must  be  pro- 
vided for  if  these  buildings  are  to  be  proof  against  the  combustion  of 
their  own  contents. 

It  seems  apparent  that,  with  care,  steel  frame  buildings  can  be  so 
constructed  as  to  stand  the  destruction  of  their  contents  without  injury 
to  the  steel  and  probably  without  danger  to  the  protecting  material  or 
floor  arches ;  that,  with  shutters  and  wired  glass,  the  burning  of  more 
combustible  neighbors  may  be  expected  to  cause  little  permanent  injury 
to  the  structure  proper;  and  that  a  district  composed  wholly  of  such 
buildings  would  be  reasonably  immune  from  danger  of  conflagration. 
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A    DESCRIPTIVE   CATALOGUE   OF  THE  BUILDING 
STONES   OF  BOSTON  AND    VICINITY. 

By  W.  O.  CROSBY  and  G.  F.  LOUGHLIN.* 

Introduction. 

The  character,  the  sources,  and,  above  all,  the  behavior  in  use  and 
the  durability  of  the  building  stones  of  a  large  city  should  be  matters 
of  interest  to  architects  and  builders,  to  students  of  economic  geology, 
and  to  the  general  public.  For  more  than  two  hundred*  and  fifty  years 
stones  of  various  kinds  have  been  used  in  Boston  for  building  purposes ; 
and  more  than  one  hundred  varieties  are  represented  in  buildings  standing 
in  this  city  today. 

This  wealth  of  material  affords  an  excellent  opportunity  for  a  com- 
parative study  with  respect  to  both  durability  and  adaptability,  but 
heretofore  no  systematic  inquiry  along  these  lines  has  been  attempted. 
Some  twenty  years  ago  Professor  A.  A.  Julien,2  of  Columbia  University, 
investigated  the  decay  of  the  building  stones  of  New  York  City,  and 
we  have  thought  to  make  a  somewhat  similar  study  of  the  building 
stones  of  Boston. 

The  scope  of  this  work  includes  for  each  stone :  first,  its  identifi- 
cation, geologic  and  geographic ;  second,  a  brief  description,  with  the 
results  of  such  analyses  and  tests  as  may  be  available ;  third,  a  list  of 
the  more  important  structures  in  which  it  has  been  used,  with,  as  a 
rule,  the  date  of  erection  of  each  and  a  general  indication  of  the  way 
in  which  the  stone  has  been  used,  including  architectural  position  and 
kind  of  finish;  fourth,  the  general  behavior  of  the  stone  in  use,  with 
special  reference  to  its  failure  where  overloaded  and  the  extent  and 
mode  of  its  decay  or  alteration  under' prolonged  exposure  to  the  weather; 


1  This  paper  embodies  the  principal  results  of  an  investigation  of  the  building  stones 
of  Boston  made  by  Mr.  Loughlin,  under  my  supervision,  and  submitted  in  May,  1903,  as 
a  thesis  for  graduation  in  the  Department  of  Geology  of  the  Massachusetts  Institute  of 
Technology.  The  observations  recorded  here  should,  therefore,  be  credited  chiefly  to 
Mr.  Loughlin.  —  W.  O.  Crosby. 

a  Transactions  New  York  Academy  of  Science,  1883,  pp.  67-138. 
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and  fifth,  a  general  estimate  of  the  value  and  adaptation  of  the  stone, 
and  an  explanation  of  the  variations  in  esteem  which  many  stones  have 
experienced,  leading  to  fluctuations  in  extent  or  mode  of  use 

Conglomerate. 

Roxbury  Puddingstone.  —  Because  of  their  prevailingly  coarse, 
irregular,  and  friable  texture,  the  conglomerate  rocks  are,  in  general, 
of  little  interest  or  value  as  building  stones;  the  local  conglomerate, 
known  familiarly  as  the  Roxbury  puddingstone,  is,  however,  an  impor- 
tant exception,  and  it  is  entitled  to  rank  as  one  of  the  chief  building 
stones  of  Boston. 

Occurrence.  —  This  stone  represents  one  of  the  principal  rock  forma- 
tions of  the  Boston  Basin,  and  is  supposed  to  be  of  Carboniferous  age. 
Although  widespread  and  abundant  both  west  and  south  of  Boston,  it 
is  favorably  developed  for  quarrying  in  but  few  localities ;  and  the  prin- 
cipal quarries,  or  those  supplying  the  major  part  of  the  material  finding 
important  use,  are  those  on  the  north  side  of  Parker  Hill  in  Roxbury. 
It  may  be  noted,  however,  that  the  ledges  in  Brighton  and  Newton 
have  supplied  most  of  the  puddingstone  used  in  those  districts  and  in 
Cambridge.  Many  quarries,  including  some  of  considerable  extent, 
have  been  worked  chiefly  or  exclusively  for  road  metal;  and  where 
architectural  stone  has  been  the  primary  consideration,  the  waste  rock 
has  usually  been  crushed  for  use  on  roads. 

Description.  —  The  Roxbtny  puddingstone  is  normally  a  firmly 
cemented  aggregate  of  well-rounded  or  water-worn  pebbles  of  Cambrian 
quartzite,  and  of  granite  and  felsite  of  many  different  varieties.  The 
paste  is  largely  argillaceous  and  well-lithified,  and  the  pebbles  range  in 
size  up  to  cobblestones  and  even  bowlders,  the  lower  beds  of  the  con- 
glomerate being,  in  general,  much  coarser  and  more  irregular  in  texture 
than  the  upper  beds.  But  little  puddingstone  is  used  containing  pebbles 
more  than  two  inches  in  diameter,  and,  in  general,  its  architectural  value 
varies  inversely  as  the  average  size  of  the  pebbles.  Owing  to  its  coarse 
and  pebbly  texture,  it  cannot  be  satisfactorily  dressed,  and  it  would, 
therefore,  be  almost  valueless  as  a  building  stone  but  for  its  remarkably 
regular  and  perfect  joint  structure.  The  joints,  or  seams,  are  plane, 
cutting  the  hardest  pebbles  without  deviation ;  and  the  joint  faces  are, 
in  general,  well-oxidized  or  iron-stained,  developing  a  warm  and  perma- 
nent brown  color,  richly  mottled  in  many  blending  tints.     This  is  a 
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typical  seam-face  building^  stone;  and  in  all  first-class  work  the  rusty 
joint  surface  forms  the  face  of  the  stone,  which  cannot  be  success- 
fully dressed  or  carved,  but  must  be  used  with  nature's  finish,  and  which 
is  thus  practically  limited  in  use  to  plain  surfaces  or  ashlar  work.  On 
account  of  this  limitation  it  is  necessary,  in  all  good  work,  that  some 
other  stone,  as  granite  or  freestone,  should  be  employed  for  the  corners, 
the  dressing  of  apertures,  and  the  trimmings  generally. 

The  puddingstone  does  not  adapt  itself  readily  to  compressive  and 
other  tests  on  account  of  the  difficulty  or  practical  impossibility  of  dress- 
ing it  to  the  required  forms,  and  we  have  obtained  a  record  of  but  one 
test.  This  was  made  at  the  Watertown  Arsenal  in  June,  1886,  for  the 
Roxbury  Stone  Company.  The  specimen  used  was  a  hammer-dressed 
cube  approximately  5.5  inches  each  way.  This  was  faced  with  plaster 
of  Paris,  and  its  crushing  load  was  found  to  be  17,360  pounds  per 
square  inch,  or  equal  to  that  of  a  good  grade  of  granite.  The  weight 
of  this  cube  before  crushing  was  equivalent  to  174.5  pounds  to  the 
cubic  foot,  a  high  result  for  a  clastic  rock  of  decidedly  siliceous  char- 
acter, indicating  that  the  paste  of  the  conglomerate  is  essentially  non- 
porous,  and  suggesting  that  its  consolidation,  although  due  primarily  to 
the  lithification,  or  hardening  of  the  argillaceous  or  clayey  constituent, 
may  be  attributed  in  good  part  also  to  secondary  silica,  thus  explaining 
the  weight,  the  strength,  and  the  durability  of  the  puddingstone. 

Examples.  —  Only  the  more  important  public  and  semi-public  pud- 
dingstone structures  are  enumerated,  including,  in  chronological  order: 

1833.  St.  James  Episcopal  Church,  St.  James  St.,  Roxbury.     Built  of  puddingstone  in 

rough  and  irregular  blocks,  often  without  seam-face,  and  practically  no  trim- 
mings, except  a  few  flagstone  copings  and  sills. 

1852.  St.  Paul  Episcopal  Church,  St.  Paul  St.  and  Aspinwall  Ave.,  Brookline.    Trimmed 

with  Bay  of  Fundy  freestone. 

1854-65.  Burkhardt  Brewery,  Parker  and  Station  Sts.,  Roxbury.  Puddingstone  from 
the  Parker  Hill  quarries,  trimmed  with  Quincy  granite.  The  dwelling  house 
(1864)  on  the  south  side  of  Station  St.,  opposite  the  brewery,  is  of  the  same 
materials. 

1859-60.  Highland  Hall,  Warren  St.  and  Walnut  Ave.,  Roxbury.  Seam-face  pudding- 
stone  from  May's  Woods  quarry,  Roxbury,  trimmed  with  Quincy  granite. 

i860  Christ  Church  (Sears  Chapel),  Colchester  and  Chapel  Sts.,  Brookline.     Trimmed 

with  Bay  of  Fundy  freestone. 

1860-61.  Tremont  St.  Methodist  Episcopal  Church,  Tremont  and  West  Concord  Sts. 
Puddingstone  mostly  in  small,  flat  blocks,  trimmed  with  Bay  of  Fundy 
freestone. 

1861.  Church  of  the  New  Jerusalem,  High  and  Allerton  Sts.,  Brookline.     Trimmed 

with  Bay  of  Fundy  freestone. 
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1865.  Central  Congregational  Church,  Berkeley  and   Newbury  Sts.     Trimmed  with 

New  Jersey  brownstone. 

1865-66.  Colby  Hall,  Newton  Theological  School,  Newton.  Puddingstone  from  Newton 
ledges,  trimmed  with  Bay  of  Fundy  freestone. 

1865-84.  Forest  Hills  Cemetery:  gateway  and  lodges  (1865)  and  chapel  (1884)  trimmed 
with  freestone,  and  bell  tower  (1876)  trimmed  with  Quincy  granite. 

1867.  First  Church  in  Boston  (Unitarian),  Berkeley  and  Marlboro  Sts.     Trimmed  with 

Longmeadow  brownstone  and  Bay  of  Fundy  freestone,  with  five  columns  of 
pink  granite  from  Jonesboro,  Maine. 

1868.  St.  John's  Memorial  Church  (Episcopal),  Brattle  and  Mason  Sts.,  Cambridge. 

Trimmed  with  Bay  of  Fundy  freestone. 

1868.  Church  of  Our  Saviour  (Episcopal),  Carlton  and  Monmouth  Sts.,  Brook  line. 

Trimmed  with  micaceous  granite.     Parish  House  (1880),  Rectory  (1885). 

1869-70.  First  Church,  Elm  and  Newbern  Sts.,  Jamaica  Plain.  Trimmed  with  coarse, 
pink  Braintree  granite. 

1869-70.  Bussey  Institute,  South  St.,  Forest  Hills.  Trimmed  with  Bay  of  Fundy  free- 
stone and  brownstone. 

1869-70.  Newton  Public  Library,  Centre  St.  Small  blocks  of  puddingstone  from  Newton 
Centre,  trimmed  with  Hallowell  granite. 

1870.  Union  Congregational  Church,  Columbus  Ave.  and  West  NewTton  and  Rutland 

Sts.     Trimmed  with  Bay  of  Fundy  freestone. 

1870-75.  Cathedral  of  the  Holy  Cross,  Washington  and  Maiden  Sts.  Trimmed  with 
Cape  Ann  hornblendic  granite. 

1872.  Second   Universalist  Church,  Columbus  Ave.  and   Clarendon  Sts.      Trimmed 

with  Bay  of  Fundy  freestone  and  brownstone. 

1872.  Walnut  Ave.   Congregational   Church,   Walnut  Ave.  and   Dale  St.,   Roxbury. 

Trimmed  with  Bay  of  Fundy  freestone. 

1872-73.  St.  Columbkille  Catholic  Church,  Market  and  Arlington  Sts.,  Brighton.  Pud- 
dingstone in  small  rectangular  blocks  (seam-face)  from  Brighton  ledges, 
trimmed  with  Bay  of  Fundy  freestone  and  Connecticut  brownstone. 

1872-73.  Grace  Episcopal  Church,  Eldredge  and  Church  Sts.,  Newton.  Small,  seam- 
face  Brighton  puddingstone,  trimmed  with  Bay  of  Fundy  freestone  and 
brownstone. 

1872-73.  First  Universalist  Church,  Washington  Park,  near  Walnut  St.,  NewTtonville. 
Small  and  irregular  blocks  of  Newton  puddingstone  and  sandstone  of 
various  colors  and  only  in  part  seam-face,  trimmed  with  Bay  of  Fundy  free- 
stone and  Longmeadow  brownstone  and  red  brick. 

1 872-77.  Holy  Trinity  Catholic  Church,  Shawmut  Ave.  and  Cobb  St.  Trimmed  with 
light  granite. 

1872-93.  Episcopal  Theological  School,  Brattle  St.,  Cambridge.  Built  of  conglomerate, 
sandstone,  and  slate  from  the  Brighton  ledges,  trimmed  with  brick,  with 
freestone  caps,  sills,  and  keystones.  Winthrop  Hall  (1893)  *s  similar,  but 
trimmed  with  Longmeadow  brownstone,  with  a  water  table  of  Hudson  River 
flagstone. 

1873.  ^ew  O^  South  Church  and  Parsonage  (Congregational),  Boylston  and   Dart- 

mouth Sts.     Church  trimmed  with  Ohio  freestone  and  Portland  brownstone. 
Parsonage  trimmed  with  Bay  of  Fundy  freestone. 
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1873.  St.  Peter's  Catholic  Church,  Bowdoin  St.  and  Eaton  Sq.,  Dorchester.     Tiimmed 

with  micaceous  granite. 

1874.  Roxbury  Church  of  the  New  Jerusalem,  St.  James  and  Regent  Sts.,  Roxbury. 

Trimmed  with   Bay  of  Fundy  freestone  and  dark  green  massive  chlorite 
schist  from  Rowe,  Massachusetts. 

1875.  Immanuel   Congregational    Church,   Moreland    and    Copeland    Sts.,    Roxbury. 

Trimmed  with  Bay  of  Fundy  freestone. 

1876-78.  Church  of  Our  Lady  of  Perpetual  Help  (Catholic),  Tremont  St.,  Roxbury. 
Trimmed  with  Cape  Ann  granite. 

i88i,'o8.  Emmanuel  Episcopal  Church,  Newbury  St.  Trimmed  with  Bay  of  Fundy 
freestone. 

1882.  First  Baptist  Church,  Clarendon  St.  and  Commonwealth  Ave.     Trimmed  with 

brownstone  and  Ohio  freestone. 

1882.  St.  John's  Episcopal   Church,  Roanoke  Ave.  and  Revere  St.,  Jamaica  Plain. 

Trimmed  with  Ohio  freestone. 

1882-84.  St.  John's  Seminary,  Lake  St.,  Brighton.  Irregular  and  usually  small  blocks 
of  Brighton  puddingstone,  trimmed  with  Ohio  freestone,  Concord  granite 
(steps  and  water  table),  St.  George  red  granite  (two  polished  columns),  and 
brick. 

1886.  Church  of  the  Holy  Spirit  (Episcopal),  River  St.,  Mattapan.     Rough  blocks  of 

puddingstone  with  but  few  seam-faces  and  no  trimmings  save  wood  and 
concrete. 

1889.  All  Souls  Unitarian  Church,  Warren  St.  and  Elm  Hill  Ave.,  Roxbury.     Built 

of  irregular  blocks  of  puddingstone,  trimmed  with  rock -faced  Quincy  granite. 

1 891.  St.  Mark's   Methodist   Episcopal   Church,  Park   and   Vernon    Sts.,  Brook  line. 

Trimmed  with  Bay  of  Fundy  freestone. 

1891.  Roxbury  Presbyterian  Church,  corner  Warren  and  Woodbine  Sts.     Trimmed 

with  Braintree  pink  granite. 

1891-92.  Mt.  Vernon  Congregational  Church,  Beacon  St.  and  Massachusetts  Ave. 
Trimmed  with  hornblendic  granite  from  Deer  Isle,  Maine,  and  Ohio  free- 
stone. 

1891-92.  First  Parish  Unitarian  Church,  Walnut  and  Warren  Sts.,  Brookline.  Trimmed 
with  Ohio  freestone. 

1893.  Brooks  Memorial  Chapel,  adjoining  Grace  Church,  Eldredge  and  Church  Sts., 

Newton.     Brighton  puddingstone  and  slate,  trimmed  with  brownstone  and 
Ohio  freestone. 

1893-93.  Church  of  the  New  Jerusalem,  Highland  Ave.,  near  Walnut  St.,  Newtonville. 
Irregular  blocks  of  seam-face  Brighton  puddingstone,  trimmed  with  Ohio 
freestone. 

1895.  Townsend  Memorial   Library  and  Chapel,  adjoining  Grace   Church,   Newton. 

Puddingstone  and  ripple-marked  sandstone  and  tuff  of  various  colors,  all 
from  Warren  St.,  Brighton,  trimmed  with  Ohio  freestone. 

1898-99.  Methodist  Episcopal  Church,  Langley  Road  and  Centre  St.,  Newton  Centre. 
Puddingstone  in  rough  and  irregular  blocks,  but  chiefly  seam-face,  from 
local  ledges,  and  including  much  sandstone  and  slate,  trimmed  with  Milford 
granite  in  rough  blocks. 


170  W.  O.  Crosby  and  G.  R  Loughlin. 

To  this  list  of  puddingstone  buildings  might  be  added  many  private 
structures,  including  dwelling  houses,  lodges,  stables,  etc.,  especially  in 
the  puddingstone  districts  of  Roxbury,  Brighton,  Newton,  etc.,  and 
almost  invariably  these  are  among  the  better  structures  of  their  class. 
Aside  from  its  use  in  superstructures,  the  puddingstone  has  had  a  large 
and  effective  use  in  foundations  and  basements.  Also  mention  may  be 
made  of  the  important  use  of  puddingstone  in  landscape  architecture 
and  in  various  engineering  works,  notably  in  the  park  system  of  Boston, 
and  including  arches,  bridges,  retaining  and  barrier  walls,  balustrades, 
steps,  etc. 

Behavior  and  Estimate.  —  This  unique  and  interesting  stone  has, 
practically  without  exception,  given  a  good  account  of  itself  under  all 
the  varied  conditions  of  its  use.  In  fact,  we  have  not  observed  a  single 
instance  of  serious  failure  in  the  way  of  cracking,  scaling,  crushing,  or 
disintegration.  Although  coarsely  fragmental  in  structure,  it  is  essen- 
tially impervious  to  moisture  and  free  from,  blind  seams,  and  hence  not 
susceptible  to  injury  by  frost.  Furthermore,  the  colors,  especially  of  the 
rusty  seam-faces,  are  eminently  stable  and  permanent,  and  not  subject 
to  alteration,  detrimental  or  otherwise. 

Although  the  character  of  this  stone  rather  narrowly  limits  its  use, 
as  previously  noted,  it  may  fairly  be  described  as  well  adapted  to  most 
of  the  structures  and  situations  in  which  it  has  been  used.  One  cannot 
but  feel,  however,  that  it  harmonizes  best  with  its  surroundings  in  the 
rural  districts  and  in  the  parks.  A  special  advantage  of  the  pudding- 
stone  for  use  in  the  city  is  found,  however,  in  the  fact  that,  because  of 
its  color  effect,  it  is,  as  regards  appearance,  practically  immune  against 
dust  and  dirt.  Under  favorable  conditions,  it  is  probably  unequaled  in 
artistic  and  picturesque  quality  among  the  rough  building  stones  of 
Boston.  As  the  examples  show,  it  has  found  its  principal  and  perhaps 
its  most  successful  use  in  the  construction  of  churches,  and  it  may, 
we  think,  fairly  be  regarded  as  peculiarly  well  adapted  to  ecclesiastic 
and  landscape  architecture. 

In  view  of  its  satisfactory  record,  it  is  with  regret  that  we  note  the 
marked  falling  off  in  the  use  of  the  puddingstone  within  the  last  decade, 
and  the  fact  that  its  architectural  use  is  now  virtually  a  thing  of  the 
past.  We  are  unable  to  attribute  this  to  a  decline  in  public  favor, 
especially  as  the  later  puddingstone  structures  are  equal  in  importance 
and  rank  to  the  earlier;  but  we  find  the  explanation  rather  in  the 
enforced  abandonment  of  the  principal  quarries  with  the  growth  of 
the  city,  thus  cutting  off  the  supply  of  the  stone. 
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Sandstone. 

The  sandstones  suitable  for  architectural  use  include  four  principal 
varieties  —  brownstone,  freestone,  flagstone  or  bluestone,  and  quartzite ; 
and  since  these  are  contrasted  in  architectural  value  and  adaptability,  as 
well  as  in  lithologic  character,  they  may  best  be  considered  separately. 

The  further  subdivision  or  classification  of  the  sandstones  for  pur- 
pose of  description  may  conveniently  be  based  upon  (1)  geologic  age 
and  (2)  geographic  distribution.  The  geological  formations  of  this 
country  from  which  sandstones  of  architectural  value  are  chiefly  de- 
rived are,  in  order  of  age:  (1)  the  Potsdam,  especially  as  developed  in 
northern  New  York,  northern  Michigan,  Wisconsin,  and  Minnesota; 
(2)  the  Medina  division  of  the  Silurian,  in  central  and  western  New 
York;  (3)  the  Devonian,  in  southern  New  York,  Pennsylvania,  and 
other  states;  (4)  the  Carboniferous,  in  Pennsylvania,  Ohio,  and  many 
other  states,  and  the  Maritime  Provinces;  (5)  the  Triassic,  along  the 
Atlantic  seaboard  from  Massachusetts  to  South  Carolina,  and  in  the 
Rocky  Mountains ;  (6)  the  Cretaceous,  on  the  Atlantic  seaboard  south 
of  New  York,  on  the  Great  Plains,  in  the  Rocky  Mountain  region,  and 
on  the  Pacific  coast;  (7)  the  Tertiary,  only  in  the  trans-Mississippi 
region,  and  especially  on  the  Pacific  coast. 

Brownstone. 

Brownstone  is  the  common  and  economic  designation  of  the  ferru- 
ginous sandstones,  or  those  sandstones  colored  and,  in  part  at  least, 
cemented  by  the  brown  and  red  oxides  of  iron.  They  are,  in  this 
country,  derived  from  several  formations  of  varying  character  and  differ- 
ing widely  in  geologic  age  and  geographic  distribution,  including  in  the 
order  of  age,  beginning  with  the  newest,  the  Triassic,  Carboniferous, 
Medina,  and  Potsdam.  The  brownstones  of  these  different  formations, 
it  may  be  added,  are,  in  general,  of  unlike  character  and  readily  dis- 
tinguished, the  oldest  being,  as  a  rule,  the  hardest  and  strongest,  or 
most  metamorphic  in  character,  and  often  shading  into  true  quartzite. 

Triassic  Brownstones.  —  Because  of  its  favorable  distribution, 
within  convenient  distance  of  all  the  large  cities  of  the  Atlantic  sea- 
board, the  Triassic  formation  has  furnished  the  principal  part  of  the 
brownstone  used  in  the  eastern  part  of  the  country ;  and,  more  than  any 
other  stone,  it  gives  character,  in  Boston  as  also  in  New  York,  to  the 
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architecture  of  the  second  half  of  the  last  century.  It  varies  greatly  in 
texture,  composition,  and  color ;  but  in  general  it  is  a  medium  to  coarse- 
grained rock  of  dark,  reddish  brown  to  red  colors,  and  consisting  chiefly 
of  rather  angular  grains  of  quartz.  Very  generally,  however,  the  brown- 
stone  is  a  more  or  less  typical  arkose,  containing  abundant  grains  of 
feldspar  and  scales  of  white  mica  (muscovite).  In  its  variations  in 
composition  the  stone  but  reflects  the  character  of  the  older  formations 
of  the  region  (granite,  mica  schist,  etc.)  from  which  it  has  been  derived ; 
and  it  is  its  arkose  character,  chiefly,  that  distinguishes  it  from  the 
brownstones  of  other  formations.  The  grains,  especially  of  quartz  and 
feldspar,  are  normally  coated  with  the  red  oxide  of  iron  (turgite),  or  a 
highly  ferruginous  red  clay,  which  forms  at  once  the  cement  and  the 
coloring  agent  of  the  stone.  Other  things  being  equal,  the  architectural 
value  of  the  brownstone  varies  inversely  as  the  proportion  of  mica  in 
its  composition,  since  the  mica  tends  to  make  the  stone  shaly  and 
friable. 

Although  not  ranking  high  among  the  sandstones  in  porosity  or 
ratio  of  absorption,  the  weakest  point  of  the  Triassic  brownstones  is 
their  susceptibility  to  injury  by  the  action  of  frost,  and  on  this  account 
the  stone  may  be  regarded  as  ill  suited  to  use  in  our  climate.  It  is, 
however,  extremely  variable  in  this  respect,  the  material  from  some  dis- 
tricts and  quarries  proving  much  more  durable  than  that  from  others; 
and  this  contrast  may  sometimes  be  noted  even  of  stones  from  the 
same  quarry.  The  only  quarry  districts  in  the  Triassic  areas  repre- 
sented among  the  buildings  of  Boston  and  vicinity  are  the  Connecticut 
Valley  in  Connecticut  and  in  Massachusetts,  and  northern  New  Jersey. 

Triassic  Brownstone  of  Connecticut  (Portland  Brownstone).— 
Although  brownstone  is  quarried  at  various  points  in  this  state,  includ- 
ing Portland,  Cromwell,  East  Haven,  and  Manchester,  it  varies  but 
little  in  character;  and,  furthermore,  the  material  used  in  Boston  has 
nearly  all  come  from  Portland,  hence  the  other  localities  need  not  be 
specially  considered. 

Occurrence.  —  The  Portland  quarries  are  believed  to  be  the  oldest, 
as  they  are  also  among  the  largest,  sandstone  quarries  in  the  United 
States ;  and  they  enjoy  the  great  advantage  of  being  situated  directly 
on  a  navigable  river  (Connecticut),  permitting  cheap  water  transporta- 
tion to  the  principal  markets.  The  massive  beds  of  brownstone  are 
approximately  horizontal,  and  divided  with  great  regularity,  at  wide 
intervals,  by  vertical   joints,  giving  the  quarries,  which  may  be   180 
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to  200  feet  deep,  rectangular  outlines,  and  making  it  possible  to  obtain 
blocks  of  any  desired  dimensions. 

Description. — The  Portland  brownstone  is  prevailingly  of  a  coarse, 
irregular,  and  more  or  less  open  or  porous  texture,  and  limited  streaks 
or  layers  of  coarse,  angular  gritstone  or  fine  conglomerate  are  of  com- 
mon occurrence.  In  composition  it  is  an  arkose  with  a  ferruginous  clay 
cement,  in  which  quartz  and  feldspar  are  about  equally  abundant,  and 
in  which  also  mica,  chiefly  muscovite,  is  rarely  absent,  and  is  frequently 
a  conspicuous  feature  of  the  bedding  surfaces,  sometimes  giving  the 
stone  a  shaly  structure.  The  black  mica  once  present  has  usually  been 
altered  to  chlorite,  which  is  sometimes  sufficiently  abundant  to  give  the 
stone  a  greenish  tinge  in  spite  of  the  abundant  ferruginous  cement. 
The  stratification  is  usually  readily  apparent,  and  often  a  marked  feature 
of  the  stone.  Four  grades  of  brownstone  are  quarried:  (1)  medium- 
grained  (first  quality)  brownstone,  used  in  high-class  architectural  work ; 
(2)  fine-grained  (second  quality)  brownstone,  richest  in  clay  and  mica, 
and  most  subject  to  injury  by  frost  action ;  (3)  brownstone  of  uneven, 
laminated,  and  shaly  texture  (third  quality) ;  (4)  coarse  brownstone 
(conglomerate),  used  for  rough  stone  work  and  bridges. 

The  Portland  and  Cromwell  brownstones,  presumably  of  the  first 
grade,  have  been  submitted  to  various  tests  at  the  Watertown  Arsenal, 
with  the  results  detailed  below. 

Compressive  Strength.  —  Portland  brownstone  :  Prism  24  x  3.97  x 
5.97  inches;  compressed  endwise;  crushing  load  6,173  pounds  per 
square  inch  of  transverse  section.  Prism  12.02x6.00x3.97  inches; 
compressed  endwise;  crushing  load  10,655  pounds  per  square  inch  of 
transverse  section.  Cubes  2%  to  3  inches,  on  bed,  crushing  loads :  first 
quality,  13,655  pounds  per  square  inch;  second  quality,  13,920  pounds 
per  square  inch;  third  quality,  15,020  pounds  per  square  inch;  bridge 
stone,  9,615  pounds  per  square  inch. 

Cromwell  brownstone :  Approximate  4-inch  cubes ;  maximum  loads 
I7>557  and  16,231  pounds  per  square  inch.  Cube,  dimensions  not 
given,  crushing  load  on  bed,  12,582  pounds  per  square  inch.  Ten 
cubes,  1  \  inches  on  an  edge,  7,991  to  15,000,  average  10,603,  pounds 
per  square  inch.  Also  ten  cubes,  2\  inches  on  an  edge,  7,843  to 
14,375,  average   10,783.5,  pounds  per  square  inch. 

Transverse  Strength.  —  Portland  brownstone:  Prism  24x6x4.01 
inches;  bedding  planes  parallel  to  maximum  and  minimum  dimensions 
and  horizontal;  distance  between  supports,  19  inches;  modulus  of 
rupture  per  square  inch,   1,576  pounds. 
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Cromwell  brownstone  :  Prisms  approximately  24  x  6  x  4  inches ;  on 
edge  (direction  of  bedding  not  given) ;  distance  between  supports, 
20  inches;  modulus  of  rupture  per  square  inch,  2,243  and  1,500 
pounds. 

Shearing  Strength.  —  Portland  brownstone  :  Approximate  shearing 
dimensions,  4x6  inches;  shearing  strength  per  square  inch,  1,392 
pounds. 

Cromwell  brownstone :  Approximate  shearing  dimensions,  4x6 
inches;   shearing  strength  per  square  inch,  1,601   and   1,450  pounds. 

Modulus  of  Elasticity. —  Cromwell  brownstone  :  Compressive  modu- 
lus of  elasticity  per  sqjuare  inch,  7,711,000  pounds,  between  100  and 
5,000  pounds  per  square  inch. 

Coefficient  of  Expansion.  —  In  water,  for  i°  F.,  Cromwell  brown- 
stone :  .00000549  and  .00000544. 

Ratio  of  Absorption.  —  Portland  brownstone,   1  :  40. 

Weight  per  Cubic  Foot. — Portland  brownstone,  146.8  to  161. 4 
pounds. 

Chemical  Analyses. 


Si02 

Fe208 

A1208 

MnOa 

CaO 

MgO 

NaaO 

K20 

C02 

Loss 


Portland. 


70.11 
4.85 

13.49 
0.35 
2.39 
1.44 

7.37 


72.95 

4.12 

12.82 


5.57 
2.40 


2.14 


60.94 
2.48 

13.15 
0.70 
3.09 

Trace 
5.43 
3.30 

•       •       • 

1.01 


Cromwell. 


62.47 

3.65 

10.70 


10.25 
0.53 
2.20 
4.15 
6.00 


Although  the  lime  and  magnesia  which  the  analyses  show  are 
doubtless  present  in  part  as  carbonates,  it  is  likely  that  these  bases 
are  chiefly  in  combination  with  silica  in  biotite,  chlorite,  and  other 
minerals,  including  especially  plagioclase  feldspar  for  the  lime ;  and 
the  high  percentage  of  alkalies,  approximating  the  proportions  for  a 
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normal  granite,  also  indicates  a  large  amount  of  undecomposed  feld- 
spar as  well  as  mica  in  the  rock,  giving  it  a  marked  arkose  character, 
and  proving  that  only  a  relatively  small  proportion  of  the  alumina  is 
present  as  clay,  a  conclusion  which  is  confirmed  by  the  small  propor- 
tion of  water  (loss).  The  iron  oxide  may  be  referred  in  part  to  the 
biotite  and  other  dark  ferromagnesian  minerals;  but  it  undoubtedly 
exists  chiefly  as  ferric  hydrate  in  intimate  union  with  the  clay,  this 
highly  ferruginous  clay,  as  previously  noted,  serving  both  as  cement 
and  coloring  agent  of  the  stone,  although  it  is  probable  that  it  is 
cemented  in  part  also  by  the  calcium  and  magnesium  carbonates. 
Thus  interpreted,  the  analyses  are  much  less  unfavorable  to  the  dura- 
bility of  the  brownstone  than  they  would  appear  if  the  alumina  were 
all  present  as  clay. 

Examples.  —  Comparatively  few  public  or  semi-public  buildings  have 
been  constructed  chiefly  or  largely  of  the  Portland  stone,  and  hence  this 
list  is  shorter  than  the  important  general  use  of  this  stone  for  so  long 
a  time  would  indicate. 

1855.  Codman  Buildings,  32-48  Hanover  St.     Shows  some  scaling. 

1856.  Hotel  Pelham,  74  Boylston  St.,  corner  Tremont  St.     Remarkably  well  preserved. 

1862-64.  Boston  Society  of  Natural  History,  Berkeley  St.  between  Boylston  and  New- 
bury Sts.  First  story,  on  granite  foundation,  cornice,  trimmings,  etc. 
Scaled  only  where  most  exposed  to  dampness  or  where  overloaded. 

1864.  Rogers  Building,  Massachusetts   Institute  of  Technology.    Columns,  cornice, 

trimmings,  etc.,  with  brick  on  foundation  of  Cape  Ann  granite.  Shows  con- 
siderable scaling  in  shady  situations  and  especially  on  the  under  surfaces 
of  projections. 

1866-67.  Evans  House,  174-175  Tremont  St.  Brownstone  front  replaced  by  steel  to  top 
of  second  story. 

1872.  Harvard  Church,  Harvard  St.,  Brookline.     Trimmed  with  Bay  of  Fundy  free- 

stone and  Pennsylvania  serpentine. 

1873.  New  Old  South  Church,  Boylston  and  Dartmouth  Sts.     Trimmings  only,  with 

puddingstone. 

1874.  John  Hancock  House  (new),  29  Beacon  St.     Shows  serious  scaling. 

1892.  Church  of  the  Messiah  (and  chapel),  Auburndale.     Portland  brownstone,  mostly 

rough  face,  varying  in  texture  from  fine  micaceous,  argillaceous  stone  to 
conglomerate.  Algae  cover  the  stone  in  damp  corners.  The  chapel  is  older 
than  the  church. .  Portland  brownstone,  smooth  face,  somewhat  scaled,  brick 
trimmings. 

Among  the  older  buildings  with  fronts,  at  least,  of  Portland  stone, 
but  the  dates  of  which  we  have  been  unable  to  ascertain,  may  be 
mentioned  as  of  special  interest : 
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The  Times  Building,  3-5  State  St.  The  brownstone  front  shows  extensive 
scaling. 

The  building  on  Hanover  St.,  between  Washington  and  Blackstone  Sts.t  and  the 
buildings  numbered  59-67  Hanover  St.  and  133  Tremont  St. 

The  Union  Institute  for  Savings,  Tremont  St.,  corner  Lagrange  St.  Rock  face 
on  Lagrange  St.  and  smooth  finish  on  Tremont  St.  General  condition  of 
both  very  good,  although  the  rock  face  shows  fossil  sun  cracks  and  mica- 
ceous layers. 

Various  more  or  less  important  examples  of  the  Portland  brownstone 
have  been  removed  in  the  course  of  rebuilding  operations,  and  among 
these  may  be  mentioned  the  old  public  library,  erected  in   1858. 

The  principal  use  of  the  Portland  stone,  however,  has  been  in  the 
"brownstone  fronts"  of  dwelling  houses,  especially  in  those  sections  of 
the  city  proper  built  up  during  the  three  decades  from  1850  to  1880, 
and  including  considerable  portions  of  the  South  End  and  West  End 
districts  and  the  older  part  of  the  Back  Bay  district.  North  of  Dart- 
mouth Street  in  the  Back  Bay  the  Portland  stone  largely  prevails,  and 
nowhere  are  to  be  found  finer  or  more  instructive  examples  of  its  use. 
The  oldest  building  in  this  section  of  the  Back  Bay  is  said  to  be  Num- 
ber 18  Arlington  Street,  erected  in  1860-61.  Mt.  Vernon  and  other 
streets  on  Beacon  Hill  and  Columbus  Avenue  and  other  thoroughfares 
of  the  South  End  also  merit  prominent  mention  in  this  connection. 

The  Portland  stone  has  also  been  used  very  freely  as  a  trimming 
for  granite  and  other  stones  and  brick  in  all  parts  of  the  city.  Its  use 
in  any  form,  it  may  be  added,  has  been  very  limited  since  the  early 
nineties,  and  chiefly  for  repairs. 

Contrary  to  the  dictates  of  common  sense,  the  Portland  stone,  with 
its  strongly  marked  lamination,  has  been  chiefly  or  almost  exclusively 
set  on  edge  and  usually  with  the  bedding  faces  exposed  to  the  weather, 
which  is  the  position  most  unfavorable  to  the  strength  and  longevity  of 
the  stone.  On  the  other  hand,  although  used  to  a  limited  extent  with 
rock  face  or  hammer  dressing,  the  prevailing  finish  of  the  Portland 
stone,  as  of  the  brownstones  generally,  has  been  sawing  followed  by 
rubbing;  and  this,  it  may  be  added,  is  the  finish  most  favorable  to 
its  durability. 

Behavior  and  Estimate.  —  It  may  be  doubted  if  any  building  stones 
finding  important  use  in  this  vicinity  have  been  the  subject  of  more 
unfavorable  comment  as  regards  weathering  quality  and  durability  than 
the  Triassic  brownstones,  and  particularly  the  Connecticut  or  Portland 


The  Building  Stones  of  Boston  and   Vicinity.  177 

brownstones,  which  are  among  those  most  largely  used,  and  the  use  of 
which  has  extended  over  an  exceptionally  long  period,  although  chiefly 
confined  to  the  last  half  of  the  nineteenth  century.  The  more  obvious, 
weak  points  of  this  stone  are  its  prevailingly  coarse  and  variable  texture, 
the  frequent  prevalence  of  mica  and  argillaceous  material  in  the  com- 
position, culminating  in  occasional  shaly  layers,  and  the  marked  tendency 
of  the  finer  and  more  argillaceous  portions,  especially,  to  scale  and  dis- 
integrate on  exposure  to  frost.  Among  the  good  points  of  the  stone, 
as  affecting  its  durability,  may  be  mentioned  the  facts  that  it  is  reason- 
ably strong  for  a  sandstone,  being  fully  up  to  the  average,  so  that 
instances  of  crushing,  cracking,  and  transverse  fracture  or  shearing 
due  to  overloading  are  rather  infrequent,  and  that  it  is  not  subject  to 
chemical  deterioration  or  detrimental  change  of  color. 

Disintegration  under  the  influence  of  a  frosty  climate  stands  out, 
then,  as  the  one  grave  defect.  This  is  more  or  less  noticeable  in  nearly 
all  the  examples,  but  the  result  is  of  a  striking  character  in  compara- 
tively few.  Where  most  marked,  in  damp  and  shady  situations,  as  near 
the  ground  and  on  the  lower  sides  of  projections,  massive  blocks  may 
be  eaten  away  for  a  considerable  thickness,  and  where  set,  as  is  usually 
the  case,  with  the  bedding  faces  to  the  weather,  the  stone  yields  by 
scaling,  and  not  wholly  grain  by  grain,  while  where  laid  on  bed,  or 
edgewise  to  the  weather,  it  is  often  distinctly  etched,  the  firmer  layers 
and  laminae  being  left  in  relief  by  the  erosion  of  the  weaker.  The 
student  of  this  stone  quickly  discovers  that  it  is  not  the  coarse,  irregu- 
lar, and  seemingly  friable  brownstone  which  shows  most  injury  by  frost 
action,  but  rather  the  fine-grained,  argillaceous  and  micaceous  variety, 
the  latter  holding  water  tenaciously,  while  the  former  dries  out  quickly, 
and  usually  before  the  water  has  time  to  freeze  in  it.  These  facts  point 
to  the  conclusion  that  the  strongest  stone  is  not  necessarily  the  most 
durable ;  and  it  is  equally  clear  that  the  record  of  the  Portland  stone 
would  be  much  better  had  proper  care  always  been  exercised  in  its 
selection,  seasoning,  and  use. 

While  the  behavior  of  this  stone,  often  under  very  unfair  conditions, 
bas  no  doubt  tended  to  check  its  use,  it  may  fairly  be  said  that  its 
decline  in  public  favor  in  the  last  two  decades  is  chiefly  due  to  the 
same  general  cause  —  a  change  of  fashion  or  public  taste  —  affecting 
somewhat  equally  all  the  brownstones.  In  conclusion,  it  may  be  noted 
that  the  Portland  stone  is  manifestly  unsuited  for  carved  or  relief  work, 
but  with  this  limitation,  and  especially  in  dry  or  protected  situations,  it 
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should  prove,  under  intelligent  use,  a  durable,  as  it  certainly  is  a  hand- 
some, stone. 

Triassic  Brownstone  of  Massachusetts  (Longmeadow  Stone). — 
The  quarrying  of  brownstone  in  Massachusetts  is  still  more  localized 
and  concentrated  than  in  Connecticut ;  and  East  Longmeadow,  in  Hamp- 
den County,  five  miles  southeast  of  Springfield,  is  practically  the  only 
locality  producing  stone  for  other  than  local  use.  The  Longmeadow 
stone  has  not  been  used  for  so  long  a  period  as  the  Portland  stone,  but 
during  the  later  brownstone  decades  it  largely  supplanted  the  Portland 
stone  in  this  region ;  and,  although  but  little  of  it  has  been  used  in  the 
last  decade,  it  stands  today  the  principal  brownstone  of  Boston  and 
vicinity.  The  Longmeadow  stone  used  in  this  district  has  come  prin- 
cipally from  three  quarries,  on  as  many  different  beds,  and  known  as 
the  Maynard,  Kibbe,  and  Worcester.  The  stone  suitable  for  quarrying 
occurs  in  massive  beds  10  to  20  feet  in  thickness,  separated  by  more 
shaly  material,  and  dipping  at  angles  of  io°  to  15°  in  a  general  easterly 
direction.  The  dip  of  the  beds  carries  them  beneath  a  rapidly  increas- 
ing thickness  of  overlying  strata,  and  the  cost  of  removing  this  cover 
narrowly  limits  the  depth  to  which  the  stone  can  be  worked  profitably. 
The  individual  quarries  are,  therefore,  subject  to  early  exhaustion.  The 
stone  is  so  massive  and  the  joints  so  widely  spaced  that  blocks  of  any 
desired  dimensions  are  readily  obtained. 

Description.  —  The  Longmeadow  stone  is  a  massive,  homogeneous 
variety  of  rather  fine  to  medium  texture,  and  reddish  brown  to  bright 
brick-red  color.  In  comparison  with  the  Portland  stone  the  grain  is 
finer  and  much  more  even,  it  is  rarely  distinctly  laminated,  mica  is 
usually  inconspicuous  and  never  a  prominent  feature,  and  the  color 
is  redder.  The  color  distinction  holds  especially  for  the  product  of 
the  Maynard  quarry.  In  fact,  the  Maynard  stone,  more  properly  red 
than  brown,  is  the  brightest  and  handsomest  sandstone  which  has  been 
extensively  quarried  in  New  England. 

For  this  important  brownstone,  which  is  for  Boston  and  Massachu- 
setts essentially  a  local  stone,  a  fairly  full  series  of  tests  has  been  made 
at  the  Watertown  Arsenal,  the  principal  results  of  which  are  summarized 
here. 

Compressive  Strength.  —  Approximate  4-inch  cubes,  two  for  each 
variety  of  stone;  crushing  load  per  square  inch  of  cross  section; 

Maynard  stone,  10,538  and  9,223  pounds. 
Kibbe  stone,  10,063  and  10,663  pounds. 
Worcester  stone,  9,656  and  9,869  pounds. 


The  Building  Stones  of  Boston  and  Vicinity.  1 79 

Approximate  5 -inch  cubes,  crushing  load  per  square  inch  of  cross 
section : 

Kibbe  stone,  12,210  pounds;  quarry  not  given,  12,330  pounds. 
Approximate  6-inch   cubes,  quarry  not   given ;   crushing   load   per 
square  inch  of  cross  section,   12,619  and   12,874  pounds. 

Approximate  6-inch  cubes  from  parts  of  the  front  of  the  Ames 
Building,  corner  Kingston  and  Bedford  Streets,  destroyed  by  fire 
November  28,  1889;  crushing  load  per  square  inch  of  cross  section: 

Maynard  stone,  8,704  pounds. 
Kibbe  stone,  8,745  pounds. 
Worcester  stone,  7*272  pounds. 
Transverse  Strength.  —  Prisms  approximately  4x6  inches  in  section ; 
distance  between  supports,  20  inches;  modulus  of  rupture  per  square 
inch : 

Maynard  stone,  660  and  884  pounds. 
Kibbe  stone,  1,273  ™&  655  pounds. 
Worcester  stone,  987  and  1,189  pounds. 
Shearing  Strength.  —  Approximate  shearing  dimensions,  4x6  inches ; 
shearing  strength  per  square  inch : 

Maynard  stone,  1,120  and  1,287  pounds. 
Kibbe  stone,  992  and  1,308  pounds. 
Worcester  stone,  1,383  and  1,102  pounds. 
Modulus    of    Elasticity.  —  Compressive   modulus   of    elasticity   per 
square  inch : 

Maynard  stone,  1,941,700  pounds  between  1,000  and  2,000  pounds; 

2,127,600  pounds  between  3,000  and  4,000. 
Kibbe  stone,  varies  from  1,727,200  pounds  at  1,000  to 

3,024,200  at  8,000  pounds ; 

1 ,8  34,900  pounds  between  1,000  and  2,000  pounds; 
2,298,800  pounds  between  4,000  and  5,000  pounds. 
Worcester  stone,  varies  from  2,361,300  pounds  at  1,000  to 

3*323,300  at  8,000  pounds ; 

2,439,000  pounds  between  1,000  and  2,000  pounds; 
1,780,000  pounds  between  1,000  and  2,000  pounds ; 
1,910,000  pounds  between  1,000  and  2,000  pounds; 
2,898,500  pounds  between  3,000  and  4,000  pounds. 
Coefficient  of  Expansion.  —  In  water,  for  i°F. 

Maynard  stone,  .00000567. 
Kibbe  stone,  .00000577. 
Worcester  stone,  .00000517. 
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Weight  per  Cubic  Foot.  — 

Maynard  stone,  133.5  pounds  and  132.8  pounds. 
Kibbe  stone,  133.4  pounds  and  134  pounds. 
Worcester  stone,  136.6  pounds  and  135.4  pounds. 
The  light  weight  of  the   Longmeadow  stone  indicates  a  relatively 
high  porosity,  but,  apparently,  no  determination  of  the  porosity  has 
been  published. 

Chemical  Analyses. 

Analyses  of  the  rocks  of  the  Kibbe  (I),  Worcester  (II),  and  Maynard  (III  and  IV) 
quarries.  Analysis  I  was  made  by  Professor  C.  F.  Chandler,  of  Columbia  University,  II 
and  III  at  the  Worcester  Polytechnic  Institute,  and  IV  at  the  Watertown  Arsenal. 


I. 

II. 

HI. 

IV. 

Silica 

81.38 

9.44 

3.54 

.76 

.11 

.28 

•    ■ 

4.49 

88.89 

5.95 

1.79 

.27 

•  • 

•  • 

.86 
1.83 

79.38 
8.75 
2.43 
2.57 

•  • 

•  • 

4.08 
2.79 

79.51 

8.54 

Oxide  of  iron 

2.51 

m 
Alkalies 

2.70 

•      • 

Trace 
5.26 

Carbonic  acid,  water  and  loss    .    . 

1.48 

100.00 

99.59 

100.00 

100.00 

A  study  of  the  analyses  shows  that,  in  comparison  with  the  Portland 
stone,  the  Longmeadow  stone  contains  10  to  20  per  cent,  more  silica 
(quartz),  with  correspondingly  low  percentages  of  alumina,  lime,  and 
alkalies,  and  practically  no  magnesia.  The  feldspathic  or  arkose  charac- 
ter is,  therefore,  less  pronounced,  and  it  is  virtually  a  quartzose  sand- 
stone cemented  in  part  and  colored  by  iron  oxide  and  containing  rather 
less  clay  and  much  less  mica  than  the  Portland  stone.  It  is  probable 
that  in  some  cases,  and  especially  in  the  Maynard  stone,  the  carbonates 
contribute  more  than  the  ferric  oxide  to  the  cementation  of  the  stone ; 
and  the  high  percentage  of  silica  suggests  that  this  constituent  also 
plays  to  some  extent  the  rdle  of  a  cement. 

Examples.  —  The  extensive  and  important  use  of  this  stone  during 
the  eighties  and  nineties  gives  it  a  prominent  place  in  the  more  modern 
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sections  of  the  city.  As  in  the  case  of  the  Portland  stone,  however, 
and  to  an  even  greater  extent,  few  structures  and  few  facades  are  built 
wholly  of  Longmeadow  stone ;  but  except  as  used  for  trimmings  it  is 
commonly  restricted  to  the  first  story,  separating  a  foundation  of  gran- 
ite from  a  superstructure  of  brick.  The  relatively  fine,  firm,  and 
uniform  texture  of  the  Longmeadow  stone,  as  compared  with  the  Port- 
land stone,  insures  for  the  former  freer  use  in  elaborate  or  detailed  and 
carved  work. 


Soon  after  1840.     Residence  of  James  M.  Codman,  Sargent  estate,  Brookline.     Protected 
by  broad  eaves  and  veranda  and  very  well  preserved. 

1 87 1.  Dwelling  house,  87  Beacon  St.     Carving  under  eaves  scaled. 

1877.  Hotel  Nottingham,  25  Huntington  Ave. 

1880-81.  Crane  Memorial  Library,  Quincy,  Mass.     Worcester  quarry. 

1 88 1.  Channing  Unitarian  Church,  Park  St.,  Newton.     Trimmed  with  Ohio  freestone. 

1882.  Boston  Art  Club,  Newbury  and  Dartmouth  Sts.     Kibbe  quarry.     With  brick. 

Slightly  scaled  at  Dartmouth  St.  entrance. 

1882.  Auburndale  Station,  Boston  and  Albany  Railroad. 

1882-83.     Y.  M.  C.  A.  Building,  Boylston,  corner  Berkeley  St.     With  brick. 

1883.  Hotel  Oxford,  40  Huntington  Ave. 

1883.  Law  School,  Harvard  University,  Cambridge.     Kibbe  quarry. 

18S3.  University  Club,  270  Beacon  St.     Kibbe  quarry.     Altered  in  1892. 

1883-84.     Spiritual  Temple,  Exeter  and  Newbury  Sts.     Worcester  quarry.     With  Milford 
granite. 

1884.  Oliver  Ames    House,   Commonwealth   and   Massachusetts   Aves.     McGregory 

quarry. 

1884.  Claflin  Building,  20  Beacon  St. 

1884.  Massachusetts   Hospital   Life   Insurance  Building,  50  State  St.     Longmeadow 

stone,  underpinning  St.  George,  N.  B.,  granite. 

1884-85.     Unitarian  Building,  25  Beacon  St.     Slight  scaling  on  steps. 

1885.  Immanuel  Baptist  Church,  Church  St.,  near  Centre  St.,  Newton.     Rock  face. 

1885.  Converse  House,  348  Beacon  St.     Maynard  quarry. 

1885.  Converse  Memorial  Library,  Salem  St.,  near  Main  St.,  Maiden.     Small,  rock- 

face  blocks. 

1885.  Hotel  Kensington,  687  Boylston  St.     Rock  face  and  tooled  work. 

1885.  Woodland  Station,  Boston  and  Albany  Railroad. 

1885.  Brighton  Station,  Boston  and  Albany  Railroad. 

1885-86.     Hollander  Building,  202-208  Boylston  St.     Stone  more  micaceous  than  usual. 

1886.  Newton  Highlands  Station,  Boston  and  Albany  Railroad. 
1886.          Elliot  Station,  Boston  and  Albany  Railroad. 

1886.  Waban  Station,  Boston  and  Albany  Railroad. 

1887.  Allston  Station,  Boston  and  Albany  Railroad. 
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[887.  Newton  Lower  Falls  Station,  Boston  and  Albany  Railroad. 

[887.  Hotel  Thorndike,  240  Boylston  St.     Some  stones  slightly  pitted. 

[887.  Normal  Art  School,  Exeter,  corner  Newbury  St.     Worcester  quarry.     With  brick. 

[887.  Hotel  Victoria,  Dartmouth,  corner  Newbury  St.     Rock  face  and  tooled  work. 

[887.  Pierce  Building,  corner  Huntington  Ave.  and  Dartmouth  St. 

1887-88.  Boston  Globe  Building,  236  Washington  St. 

[888.  Eliot  Congregational  Church,  comer  Church  and  Centre  Sts.,  Newton.    Trim- 

mings, with  Milford  granite. 

[888.  Police  Station  (No.  16),  Boylston,  corner  Hereford  St.     Shows  some  scaling  and 

efflorescence. 

[888.  Reservoir  Station,  Boston  and  Albany  Railroad. 

[889.  Niles  Building,  27  School  St.     Shows  adaptation  for  carving. 

[889.  Cambridge  City  Hall.     With  Milford  pink  granite. 

[890.  Hooper  House,  448  Beacon  St.     Maynard  quarry. 

[890.  Horace  Mann  School,  178  Newbury  St.     With  Milford  granite  and  brick. 

890.  Abbot  House,  Garden  St.,  Cambridge.     Kibbe  quarry. 

[890.  New  England  Shoe  and  Leather  Exchange,  114  Bedford  St.     Brick,  entrance  of 

Longmeadow  stone. 

891.  Pray  Building,  646-658  Washington  St.     Maynard  quarry. 
[891.  Copley  Sq.  Hotel,  Huntington  Ave.,  corner  Exeter  St. 
[891.  Newton  Centre  Station,  Boston  and  Albany  Railroad. 

891-92.  Youth's  Companion  Building,  201  Columbus  Ave.     Maynard  quarry. 

[891-92.  Farlow  Building,  94  State  St.     (Longmeadow  or  Portage.) 

[892.  Brookline  Hills  Station,  Boston  and  Albany  Railroad. 

893.  Longwood  Station,  Boston  and  Albany  Railroad. 

[893.  Riverside  Station,  Boston  and  Albany  Railroad. 

1894.  St.   John's   Methodist   Episcopal   Church,  Mt.   Auburn  St.,  near  Palfrey  St., 

Watertown. 

[895.  Farley,  Harvey  &  Co.,  141  Essex  St. 

897.  Newton  Station,  Boston  and  Albany  Railroad. 

1898.  Huntington  Ave.  Station,  Boston  and  Albany  Railroad. 

[898.  Faneuil  Station,  Boston  and  Albany  Railroad. 

[898.  Trinity  Church  (Portico),  Copley   Sq.     McGregory  quarry.     Lintel   over  door 

cracked  transversely;  white  efflorescence. 

[900.  Barristers  Hall,  Pemberton  Sq.     Kibbe  quarry. 

[900.  Trinity  Place  Station,  Boston  and  Albany  Railroad. 

[901.  Hotel  Buckingham,  39-41  Huntington  Ave. 

R.  H.  White  &  Co.,  Entrance  on  Bedford  St.  and  Harrison  Ave.     Badly  pitted. 

New  England  Building,  200  Summer  St.     First  story  Longmeadow  or  Portage; 
rough  and  dirty. 

Rowe's  Wharf,  350  Atlantic  Ave.     Entrance  of  Longmeadow  stone 

Chestnut  Hill  Station,  Boston  and  Albany  Railroad. 
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If  allowed  to  cover  private  as  well  as  public  architecture,  this  list 
of  examples  might  be  extended  almost  indefinitely  in  the  newer,  but 
not  the  newest,  sections  of  the  city,  and  especially  in  the  central  section 
of  the  Back  Bay  district  between  Dartmouth  Street  and  Massachusetts 
Avenue.  In  fact,  in  this  most  important  part  of  the  city,  built  up  dur- 
ing the  decades  when  the  Longmeadow  stone  was  the  principal  building 
stone  of  Boston,  it  gives  character  to  the  architecture,  and  the  student 
will  find  here  some  of  the  finest,  most  varied,  and  most  instructive 
examples  of  its  use.  Like  the  Portland  stone,  it  has  found  a  very 
extensive  use  as  a  trimming  for  the  light-colored  building  stones  and 
for  brick. 

Behavior  and  Estimate.  —  Having  succeeded  the  Portland  stone 
in  public  favor  and  general  use,  and  belonging,  therefore,  mainly  to  a 
more  recent  period,  the  Longmeadow  stone  has  not  been  so  thoroughly 
tested  in  use.  The  decay  of  a  building  stone  is  likely  to  proceed  very 
slowly  at  first  and  to  be  subject  to  acceleration ;  so  that,  in  the  case 
of  a  sandstone  especially,  the  third  or  fourth  decade  is  usually  far  more 
telling  than  the  first.  But  although  its  later  use  gives  the  Longmeadow 
stone  a  marked  advantage  in  this  comparison,  there  can  be  no  doubt 
that  it  is  actually,  on  the  average,  or*  in  most  cases,  the  more  durable 
stone  and  much  more  uniformly  durable,  matching  in  this  respect  its 
relative  uniformity  of  composition  and  texture.  The  relatively  free  use 
in  elaborately  dressed  and  carved  forms,  which  its  finer  texture  invites, 
tends,  on  the  other  hand,  to  place  it  at  a  disadvantage  in  the  compari- 
son. Scaling  under  the  influence  of  the  frost  is  not  a  marked  tendency 
with  the  Longmeadow  stone,  and  the  coarse,  heavy  scaling  often  to  be 
noted  on  the  Portland  stone  is  practically  wanting.  The  most  manifest 
signs  of  decay  are  a  fine  granular  disintegration,  often  following  the 
separation  of  a  thin  scale,  and  not  infrequently  a  more  or  less  distinct 
pitting  of  the  surface.  The  pitting  is  not  apparently  due  to  clay  holes, 
but  finds  a  better  explanation  in  the  solution  of  the  carbonate  of  lime 
which  the  analyses  show  and  which  we  may  assume  to  be  segregated 
somewhat  in  concretionary  fashion.  Among  the  weak  points  of  the 
Longmeadow  stone  may  be  mentioned  also  a  general  tendency  to 
change  of  color  or  discoloration,  darkening  under  the  influence  of  dust 
and  organic  growths  (algae,  etc.)  and  whitening  by  efflorescence  or  the 
exudation  of  the  lime,  possibly  as  a  sulphate.  In  very  few  instances 
has  the  strength,  compressive  or  transverse,  of  this  brownstone  proved 
inadequate ;  and  the  only  striking  cases  are  where  now  and  then  a 
lintel  or  cap  is  cracked  transversely. 
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The  comparative  disuse  of  this  excellent  stone  in  recent  years 
appears  to  be  mainly  a  matter  of  fashion,  a  change,  possibly  only  tem- 
porary, in  the  public  taste,  which  gives  the  preference  to  the  light- 
colored  stones,  although  it  is  undoubtedly  true  that  the  texture  of  the 
now  prevalent  Indiana  limestone  possesses  a  quality  of  toughness  and 
adaptability  to  carved  and  highly  finished  work  not  to  be  found  in  any 
of  the  true  brownstones,  which  are,  at  the  best,  relatively  tender  and 
friable.  The  next  two  decades  will  probably  determine  whether  or  not 
the  limestone  is  to  prove  more  durable  than  the  brownstone  in  the 
acid  and  dust-laden  atmosphere  of  the  city.  If  not,  then  the  richer 
and  more  unchanging  color  of  the  brownstone  should  insure  its  return 
to  popular  favor. 

Triassic  Brownstones  of  New  Jersey  (New  Jersey  Stone).  —  The 
Triassic  sandstone  of  New  Jersey,  with  the  associated  sheets  of  trap 
rock  (diabase),  extends  diagonally  across  the  northern  part  of  the  state 
in  a  broad,  continuous  belt  from  the  Hudson  River  south  of  the  High- 
lands to  the  Delaware  north  of  Trenton.  The  beds  dip  to  the  north- 
west at  low  angles,  and  the  principal  quarry  districts  lie  to  the  southwest, 
near  the  Delaware,  and  to  the  northeast  in  the  vicinity  of  Newark  and 
Paterson.  Probably  from  the  northeastern  districts  only  has  the  brown- 
stone found  its  way  to  Boston,  where  the  product  of  several  of  the 
largest  quarries  has  been  identified,  including  those  of  Newark,  Belle- 
ville, and  Little  Falls. 

Description,  —  The  general  character  of  the  New  Jersey  brownstone 
is  not  unlike  that  of  the  Longmeadow  stone,  except  that  it  is  at  times 
rather  coarser  and  more  variable.  As  a  rule,  the  texture  is  fine  and 
uniform,  the  lamination  indistinct,  and  mica  is,  in  general,  conspicuous 
by  its  absence.  It  is  also  essentially  a  highly  quartzose  granitic  or 
arkose  sandstone  cemented  by  iron  oxide,  silica,  and  carbonate  of  lime. 
The  color  varies  from  light  brownish  gray  to  dark  brown  and  reddish 
brown. 

We  have  found  records  of  but  few  tests  of  the  New  Jersey  brown- 
stone ;  and  it  is  not  certain  how  far  these  represent  material  actually 
used  in  Boston.  The  following  determinations  were  made  by  General 
Gillmore  in  1875.  * 

Compressive  Strength. — Two-inch  cubes.  Belleville  stone:  on  bed, 
11,700  pounds  per  square  inch;  on  edge,  10,250  pounds  per  square 
inch.  Little  Falls  stone:  on  bed,  9,850  pounds  per  square  inch;  on 
edge,  9,150  pounds  per  square  inch. 
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Weight  per  Cubic  Foot.  —  Belleville  stone,  141  pounds;  Little  Falls 
stone,   140.6  pounds. 

Ratio  of  Absorption.  —  Belleville  stone,  1  :  27;  Little  Falls  stone, 

1  :  34. 

Examples.  —  The   great   abundance   of   good   brownstone    in   New 

England  and  the  fact  that  New  York  has  afforded  a  convenient  and 

ample  market  for  the  product  of  the  New  Jersey  quarries  explain  the 

rather  limited  use  of  the  New  Jersey  stone  in  Boston.     The  difficulty 

of  distinguishing  it  from  the   Longmeadow  stone  makes  it  well-nigh 

impossible  in  some  cases,  and  especially  with  the  older  buildings,  to 

be  certain  of  the  identity  of  the  stone.     We  have  endeavored,  however, 

to  exclude  from  the  Longmeadow  examples  all  doubtful  cases ;  but  it 

may  well  be  that  among  the  unclassified  brownstone  buildings  of  Boston 

are  many  more  examples  of  the  New  Jersey  stone  than  we  have  listed 

here,  but  probably  none  others  of  equal  importance ;  and  these  few 

are  deemed  sufficient  for  the  purpose  of  a  comparative  study  of  the 

brownstones. 

1847-49.     Boston  Athenaeum,  \o\  Beacon  St.     Little  Falls  quarries. 

1861.  Arlington  St.   Unitarian  Church,  Arlington  and  Boylston  Sts.     Belleville  and 

Little  Falls  quarries. 

1865.  Central  Congregational  Church,  Berkeley  and   Newbury  Sts.     Trimming,  with 

puddingstone. 

1873-74.     Second  Unitarian  Church,  Copley  Sq.     Newark  quarries. 

Jordan    Marsh    Co.,   original    building,   450-572    Washington    St.      Belleville 
quarries.  • 

Liberty  Building,  30  Kilby  St. 

Behavior  and  Estimate.  —  Little  remains  to  be  said  under  this 
head,  since  the  stone  so  closely  matches  the  Longmeadow  stone.  In 
weathering  quality  it  is,  perhaps,  not  quite  equal  to  the  latter,  being 
rather  more  inclined  to  scale  and  disintegrate,  while  pitting  is  certainly 
a  more  marked  feature ;  but  we  are  unable  to  cite  an  instance  of  serious 
failure  from  any  cause,  and  it  is  only  fair  to  the  New  Jersey  stone  to 
note  that  the  examples  cited  are,  on  the  average,  much  older  than  those 
of  the  Longmeadow  stone.  It  may  be  added,  however,  that  since  it  is 
at  least  no  better  than  the  Longmeadow  stone,  it  is  not  surprising  that 
it  has  not  been  more  extensively  used  in  competition  with  the  latter. 
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THE  NITRIFYING  ORGANISMS  IN  SEWAGE  FILTERS. 

By  DR.  SCHULTZ-SCHULTZENSTEIN, 

Scientific  Assistant  at  the  Royal  Bureau  for   Water  Purification  and  Sewage  Disposal  in 

Berlin. 

Translated  from  the  German,1  with  the  Author's  Permission, 

by  A.  E.  KIMBERLY. 

So  far  as  we  know  the  efficiency  of  the  biological  process  of  sewage 
purification  is  chiefly  dependent  upon  the  activity  of  microorganisms 
within  the  filters.  The  construction  of  a  purification  plant,  therefore, 
must  be  along  such  lines  as  to  allow  an  active  development  of  the 
organisms  in  question. 

It  has  been  conclusively  proven  that  the  life  processes  of  the  most 
important  of  these  organisms  are  dependent  upon  the  presence  of 
atmospheric  oxygen,  and  that,  as  a  result  of  their  activity,  the  nitro- 
gen compounds  present  in  sewage  are  finally  oxidized  into  nitric  acid. 
These  organisms  include,  therefore,  the  so-called  "nitrifying"  bacteria. 
Until  the  present  time  pure  cultures  of  these  from  filters  have  not  been 
forthcoming.  It  has  not  been  possible,  therefore,  to  study  their  biology 
more  closely. 

The  investigations  described  in  this  paper  were  undertaken  at  the 
suggestion  of  Professor  Dr.  Giinther,  director  of  the  Bureau.  It  was 
proposed  to  isolate  and  study  the  nitrifying  bacteria  in  sewage  filters, 
and,  further,  to  compare  them  with  the  nitrifying  organisms  present 
in  the  soil  of  cultivated  fields. 

Winogradsky's2  nutrient  solutions  for  the  nitrite-  and  nitrate-forming 
bacteria,  respectively,  were  prepared,  sterilized,  and  put  in  Erlenmeyer 
flasks  in  amounts  of  about  ioo  c.c.  each.  In  the  flasks  were  placed 
coke  from  the  experimental  contact  beds  at  the  Karolinenhohe  Sewage 


1  Schultz-Schultzenstein,  Uber  die  nitrificierenden  Mikroorganismen  der  Filterkorper 
biologischer  Abwasser-Reinigungsanlagen.  Mitteilungen  a.  d.  K.  Priifungsanstalt  fiir  Was- 
fierversorgung  und  Abwasserbeseitigung  zu  Berlin,  Heft  2,  1903,  pp.  1-22. 

2  Archives  des  Sciences  Biologiques,  Institut  Imperial  de  M^decine  Experimentale, 
St.  Petersburg,  1892, 1,  p.  88. 
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Experiment  Station  at  Charlottenburg,1  soil  from  the  irrigation  field, 
ordinary  soil,  or  sand  from  the  bottom  of  the  settling  basin.  For  the 
sand  and  soil  tests  2  grams  of  material  were  taken.  For  the  flasks 
containing  coke  8  grams  were  weighed  out,  more  coke  being  used  on 
account  of  its  having  less  surface.  The  contents  of  each  flask  is  shown 
in  the  following  table : 

I.  Soil  from  sewage  irrigation  field  not  flooded  for  four  weeks. 

II.  Sand  from  a  so-called  u  Schonfilter." 

III.  Soil  from  an  uncultivated 'field. 

IV.  Coke  from  a  well-matured  primary  contact  bed. 
V.  Coke  from  a  well-matured  secondary  contact  bed. 

VI.    Sand  from  settling  tank. 

All  the  samples  were  collected  March  5,  1902.  The  temperature 
of  the  air  was  o°  C,  and  within  the  filters  it  was  70  C.  The  flasks 
which  contained  the  solutions  for  the  nitrite-formers  were  marked  with 
the  Roman  numerals,  I-VI ;  those  for  the  nitrate-formers  with  the 
Arabic  numbers,  1-6.  The  solutions  were  kept  in  an  incubator  at 
from  2 50  C.  to  260  C,  and  were  examined  daily  for  ammonia  with 
Nessler  reagent,  for  nitrites  with  sulphanilic  acid  and  a-naphthol,  and 
for  nitrates  with  diphenylamine. 

The  expected  formation  of  nitrites  or  nitrates  took  place  in  each 
case,  but  after  different  periods  of  time.  The  flasks  containing  coke 
from  the  contact  bed  were  the  first  to  show  nitrites  and  nitrates.  In 
two  days,  flasks  IV  and  V  gave  a  strong  nitrite  reaction.  Flask  III, 
containing  ordinary  garden  soil,  did  not  show  nitrites  until  the  fifth 
day.  After  five  days,  the  solutions  containing  sand  from  the  irrigation 
field  and  sand  from  the  settling  basin  gave  strong  nitrite  tests.  .  After 
six  days,  in  testing  for  nitrites'  a  brown  precipitate  was  observed  in  the 
solutions  containing  coke.  Owing  to  the  very  slow  growth  of  both  of 
the  nitrifying  organisms,  it  may  be  concluded  that  the  rapid  nitrification 
in  well-ripened  contact  beds  is  due  to  the  presence  of  large  numbers  of 
these  bacteria  on  the  coke. 

The  appearance  and  constant  increase  in  the  formation  of  flocks  on 
the  bottom  of  the  flasks  containing  the  nitrite-former  solution  could  be 
observed  during  the  course  of  the  experiment.  In  the  soil  tests  the 
flocks  were  of  a  grayish-yellow  color ;  in  the  coke  black-gray.     In  hang- 


1  Charlottenburg  is  a  municipality  three  miles  west  of  Berlin,  situated  on  the  Spree. 
At  the  Westend  pumping  station,  during  the  years  1898  and  1899,  experiments  were  made 
upon  the  disposal  of  sewage  along  bacterial  lines.  As  a  result  of  these  investigations  larger 
works,  experimental  in  character,  were  built  at  Karolinenhohe,  where  experiments  upon  the 
various  methods  of  sewage  treatment  have  been  carried  on.  —  A.  £.  K. 
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ing  drops  containing  these  flocks  a  great  many  species  of  motile  and 
non-motile  bacteria  were  to  be  seen.  In  stained  slides  from  the  nitrite- 
former  solutions  oval  bacteria  1.2-1.5  p  long,  0.8-1.0  fi  wide  outnum- 
bered all  other  species ;  they  lay,  some  singly  and  some  in  pairs,  with 
their  long  sides  together.  The  majority,  however,  were  clumped  in 
amorphous  masses,  in  which  they  were  held  by  a  substance  staining 
much  lighter  with  gentian  violet  than  did  the  organisms  themselves. 

These  bacteria  are  completely  similar  in  form  to  Nitrosomonas, 
described  by  Winogradsky.1  They  differ  slightly  in  their  staining 
properties,  however,  staining  very  readily  with  gentian  violet.  The 
nitrite-formers  obtained  by  Winogradsky  from  various  kinds  of  soil, 
on  the  other  hand,  could  be  stained  well  only  by  a  half -minute  appli- 
cation of  a  weak  solution  of  malachite  green  counterstained  with  a  dilute 
solution  of  gentian  violet. 

After  six  days  of  observation,  subcultures  were  prepared  with  two 
drops  from  flasks  I,  IV,  V,  and  VI,  these  being  the  ones  which  nitrified 
the  strongest.  They  were  marked  \ay  lVa,  Va,  and  Via,  respectively. 
Flask  IVtf  worked  so  energetically  that  after  eighteen  days  all  the 
ammonia  (1  c.c.  of  a  10  per  cent,  solution  of  ammonium  sulphate)  had 
disappeared  Stained  slides  prepared  from  these  subcultures  showed 
organisms  exactly  similar  in  form  to  those  described  by  Winogradsky 
as  Nitrosomonas. 

In  order  to  eliminate  "wild  "  organisms,  two  drops  were  taken  from 
subculture  IV0  to  form  culture  IV£,  and  from  this,  after  the  ammonia 
had  disappeared,  culture  IV*r  was  prepared  in  like  manner.  From  this 
culture,  IVr,  agar  plates  were  then  made.  The  agar,  in  a  thin  layer, 
was  steeped  in  water  for  eight  days,  according  to  Beijerinck's  method. 
So  many  other  bacteria  grew,  however,  that  an  attempt  to  obtain  a 
pure  culture  of  the  nitrifying  organisms  was  out  of  the  question.  In 
another  trial,  where  the  agar  had  been  steeped  for  three  weeks,  there 
developed  still  six  or  seven  foreign  species.  These  colonies  were  so 
numerous,  and  grew  so  much  more  rapidly  than  did  the  nitrifying 
bacteria,  that  they  spread  entirely  over  the  surface  of  the  plates.  I 
therefore  abandoned  the  use  of  agar  and  turned  my  attention  to  silicic 
acid  media. 

There  is  hardly  a  better  method  of  preparing  silica  jelly  than  that 
which  Winogradsky  2  gives.     I  have  found  that  a  solution  of  silicic  acid, 


1  Annales  de  PInstitut  Pasteur,  IV,  1890,  p.  213,  and  V,  1891,  p.  92. 

2  Archives  des  Sciences  Biologiques,  I,  1892. 
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corresponding  in  specific  gravity  to  that  given  by  him,  may  be  obtained 
by  diluting  173  c.c.  of  a  10  per  cent,  solution  of  sodium  silicate  with 
100  c.c.  of  distilled  water,  adding  273  c.c.  of  hydrochloric  acid  (specific 
gravity  1.1),  and  allowing  this  to  dialyze  two  days  with  tap  water  and 
then  with  distilled  water  until  no  reaction  for  chlorides  is  obtained. 

I  keep  in  stock  large  amounts  of  aqueous  silicic  acid  thus  prepared, 
and  also  the  necessary  sterile  inorganic  solutions.  When  ready  to  use, 
100  c.c.  of  the  dialyzed  silicic  acid  is  placed  in  a  Koch  flask  with  two 
graduations,  one  at  100  c.c.  and  the  other  at  20  c.c.  The  solution  is 
then  evaporated  to  a  volume  of  20  c.c,  the  necessary  amount  of  steril- 
ized solutions  of  salts  is  added,  and  the  media  is  then  poured  into  Petri 
dishes  and  inoculated.     The  jelly  is  formed  in  from  four  to  five  hours. 

By  using  this  silicic  acid  media  I  succeeded  in  isolating,  from 
cultures  obtained  from  coke  from  a  contact  bed,  organisms  agreeing 
completely  with  those  described  by  Winogradsky  as  Nitfosomonas. 

It  appears  fitting  here  to  mention  a  few  points  which  are  to  be 
observed  in  working  with  silica  jelly.  If  the  dialyzed  and  sterilized 
silicic  acid  is  kept  in  flasks  with  rubber  stoppers,  a  marked  nitrite 
reaction  is  evident  after  about  four  weeks  upon  testing  with  sulphanilic 
acid  and  a-naphthol.  This  silicic  acid  must,  therefore,  have  a  very 
strong  attraction  for  the  small  amounts  of  nitrous  acid  present  in  the 
air  of  the  laboratory.  The  materials  used  do  not  give  this  reaction 
before  mixing,  neither  does  the  freshly  dialyzed  silicic  acid. 

Rullmann1  investigated  Winogradsky's  fluid  media  along  this  line, 
and  found  that  in  solutions  kept  at  room  temperature  and  in  flasks 
stoppered  with  rubber  stoppers  nitrite  reactions  appeared  after  130 
days ;  dialyzed  silicic  acid,  on  the  other  hand,  showed  the  reaction  in 
from  four  to  five  weeks.  This  factor  of  nitrite  absorption  may  give 
rise  to  error,  as  I  saw  from  a  control  plate  of  silica  jelly  uninoculated 
with  the  nitrite-formers.  In  this  control,  after  twenty-one  days,  a  dis- 
tinct nitrite  and  nitrate  reaction  was  observed,  although  no  colonies 
developed  whatever,  and  the  amount  of  ammonia  present  remained 
unchanged.  The  nitrite  must  have  been  absorbed  from  the  air.  I 
have  been  accustomed,  therefore,  to  assume  a  formation  of  nitrites  and 
nitrates  in  silicic  acid  media  only  when  the  ammonia  is  diminished  at 
the  same  time. 

Further  inoculations  for  obtaining  pure  cultures  of  the  nitrite-formers 
were  made  from  flask  IVc,  and  for  the  nitrate-formers  from  flask  $c. 


1Centralbl.  f.  Bakteriol.,  II  Abt.,  Bd.  5,  1899,  P-  2I2- 
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While  Winogradsky  says  that  he  succeeded  in  isolating  one  single 
species  from  soil,  using  silica  jelly  to  the  exclusion  of  all  organic  sub- 
stances, this  was  not  by  any  means  the  case  in  the  isolation  of  the 
nitrifying  organisms  from  the  coke  of  the  contact  bed.  This  was  due, 
perhaps,  to  the  fact  that  sewage  contains  a  great  many  species  of 
bacteria  not  present  in  ordinary  soil. 

During  March  and  April,  1902,  I  strove  in  vain  to  prepare  agar 
plates  from  which  a  successful  inoculation  would  be  possible.  Nitrifica- 
tion always  took  place  in  the  plates  and  ammonia  disappeared.  Among 
the  numerous  colonies  which  grew  were  several  which  agreed  by  chance 
with  Winogradsky's  description  of  the  colonies  of  nitrifying  organisms, 
but  they  proved  afterward  not  to  be  nitrifying  forms.  Therefore,  as  I 
have  said,  I  gave  up  my  attempts  to  isolate  pure  cultures  from  agar 
plates. 

The  method  given  by  Winogradsky  was  a  great  aid  in  the  isolation 
of  the  nitrifying  organisms.  This  consists  in  filtering  off  the  zoogloea 
through  asbestos,  washing  the  asbestos  thoroughly  with  sterile  water, 
and  then  placing  it  in  a  flask  containing  nitrite-former  solution.  In 
this  way  many  but  not  all  foreign  organisms  were  eliminated.  In  a 
flask  thus  inoculated  the  ammonia  (0.1  gram  ammonium  sulphate)  was 
used  up,  on  the  average,  in  twelve  days.  With  two  drops  from  this 
flask  I  inoculated  another  flask,  and  from  this  the  first  inoculations  on 
silica  jelly  were  made. 

On  the  fourth  day,  in  Petri  dishes  containing  silica  jelly  media,  I 
saw  under  a  magnification  of  180  diameters  colonies  shaped  like  little 
yellow  balls  or  disks,  6.0-8.0  /*  in  diameter,  which  refracted  light 
strongly.  Slides  prepared  from  these  colonies  showed  long  oval  bac- 
teria 1 .0-1.2/*  in  length  and  0.8  /*  in  breadth;  there  were,  however, 
other  organisms  present.  It  happened  frequently  that  I  touched  only 
on  the  side  of  a  colony  without  obtaining  any  of  it  on  the  needle.  For 
this  reason  twelve  flasks  were  always  prepared  with  media  and  were 
inoculated  with  the  platinum  needle  after  touching  a  small  yellowish 
colony  several  times.  From  these  flasks,  after  a  strong  nitrite  reaction 
had  appeared  and  the  ammonia  had  disappeared,  I  again  inoculated 
silicic  acid  plates  with  one  or  two  drops  of  the  liquid  or  with  one  or 
two  loops  of  the  material.  Two  species  of  bacteria  beside  the  nitri- 
fiers  always  grew,  especially  upon  the  surface  of  the  media.  The 
colonies  of  one  of  the  species  were  of  whitish-gray  color,  shaped  like 
starfish,  and  composed  of  slender  rods;  while  the  second  kind,  which 
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I  call  "  map  colonies  "  on  account  of  their  irregular  contours,  were  made 
up  of  short,  thick  rods.  Neither  species  nitrified,  as  I  have  repeatedly 
convinced  myself. 

A  microscopic  examination  of  the  surface  of  a  silicic  acid  plate  made 
clear  to  me  the  cause  of  these  poor  results.  It  plainly  showed  that  the 
foreign  colonies  lay  immediately  beyond  the  edges  of  the  nitrite-forming 
colonies,  so  that  both  were  always  fished  off  together. 

It  was  a  test  of  patience  to  fish  colonies  until  finally,  by  chance,  I 
came  across  one  which  contained  the  nitrite-forming  organism  alone. 

Up  to  this  time,  moreover,  broth  cultures  had  always  shown  tur- 
bidity on  account  of  the  admixture  of  non-nitrifying  varieties.  Streak 
cultures  on  silica  jelly  had  also  given  no  results  since  the  foreign  colonies 
developed  faster  and  spread  over  the  yellow  ones. 

On  the  10th  of  March,  1902,  after  fishing  nine  colonies,  I  succeeded 
in  obtaining  one  culture  in  which  no.  other  species  than  the  nitrite- 
formers  were  present,  as  I  observed  by  preparing  several  stained  slides 
on  the  following  day.  From  this  flask  Petri  dishes  were  poured,  six 
with  silica  jelly  and  six  with  washed  agar.  In  both  media  only  the 
yellow  colonies  appeared  uncontaminated  by  other  species;  repeated' 
inoculation  into  broth  produced  no  turbidity.  In  this  way  was  ob- 
tained a  pure  culture  of  nitrite-forming  bacteria,  which  in  the  form  of 
the  colony,  in  the  form  of  the  individual  bacillus,  and  in  habitat  was 
exactly  similar  to  the  Nitrosomonas  described  by  Winogradsky.  More- 
over, it  was  obtained  from  the  coke  of  an  experimental  contact  filter. 

Jordan  and  Richards,1  in  their  paper  on  the  nitrifying  organism, 
state  that  they  have  isolated  a  nitrifying  organism  from  sand  from  an 
experimental  sand  filter;  they  add,  however,  that  there  were  two  or 
three  other  species  in  their  flasks.  The  method  employed  —  namely, 
continued  inoculation  into  nutrient  solutions  only,  without  the  interven- 
tion of  solid  media,  and  inoculation  from  this  —  shows  conclusively  that 
they  did  not  have  pure  cultures. 

The  question  now  arose,  How  did  these  nitrifying  organisms  find 
their  way  into  the  filters  ? 

To  answer  this  question  I  have  examined,  chemically  and  bacteri- 
ally,  the  Berlin  domestic  sewage  collected  at  Schoneberger  Strasse 
pumping  station.  The  fresh  sewage  thus  obtained  showed  upon  re- 
peated examination  an  alkaline  reaction,  albuminoid  ammonia  65.6  parts 


1  Massachusetts  State  Board  of  Health  Report,  1890,  p.  878. 
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per  million,  generally  no  nitrites,  or  rarely  traces  of  them,  and  never 
any  nitrates. 

I  divided  a  sample  of  this  sewage,  collected  in  sterile  vessels,  into 
two  portions,  placing  each  in  an  Erlenmeyer  flask  closed  with  a  sterile 
rubber  stopper.  One  of  the  samples  was  sterilized  in  streaming  steam 
on  two  successive  days,  one-half  hour  each  day.  Both  flasks  were  then 
placed  in  an  incubator  at  from  250  C.  to  270  C.  and  were  examined 
after  eight  days  The  sterilized  sewage  held  its  ammonia  unchanged, 
and  showed,  as  when  fresh,  a  slight  trace  of  nitrites,  but  no  nitrates. 
In  the  flask  containing  unsterilized  sewage  the  ammonia  had  decreased, 
the  nitrite  reaction  had  become  stronger,  and  a  small  amount  of  nitrates 
could  be  detected.  After  fourteen  days,  the  ammonia  had  disappeared, 
the  nitrites  were  still  low,  but  the  nitrates  had  become  very  high.  The 
sterilized  sewage  held  its  initial  constituents  unchanged. 

At  the  same  time  with  these  experiments,  inoculations  with  sewage 
were  made  upon  plates  containing  silica  jelly  and  the  nutrient  salts 
required  by  the  nitrite-formers,  as  follows : 

a.  With  two  drops  of  sewage. 

b.  '  With  one  drop  of  sewage. 

r.      With  three  loops  full  from  a. 

Various  colonies  grew  upon  the  plates,  among  which  were  several 
exactly  similar  to  those  of  the  nitrite-formers,  and  stained  preparations 
of  the  organisms  were  found-  to  agree  completely  with  the  nitrite-formers 
in  their  microscopic  characters.  A  piece  of  the  silica  jelly  the  size  of 
a  pea  taken  from  the  Petri  dish  with  a  sterile  platinum  spoon  showed 
five  days  later  a  weak  nitrite  reaction.  This  test  was  repeated  three 
days  later  and  a  strong  nitrite  reaction  was  observed.  After  about 
three  weeks  high  nitrites  and  nitrates  were  found  in  the  media  from 
plate  a,  but  no  ammonia  whatever.  The  cultivations  were  kept  in  a 
moist  chamber,  as  was  the  case  with  all  plates  containing  silica  jelly. 
The  isolation  of  a  pure  culture  of  the  nitrite-former  found  in  the  sewage 
was  given  up  on  account  of  the  before-mentioned  difficulties. 

It  is  to  be  noted,  also,  that  the  flask  containing  unsterilized  sewage 
was  examined  again  after  four  weeks,  and  neither  ammonia,  nitrites,  nor 
nitrates  could  be  detected.  Subsequently,  therefore,  denitrifying  organ- 
isms must  have  developed,  the  number  of  these  species,  according  to 
A.   Maassen,1  being  very  great. 


1  Arbeiten  aus  dem  Kaiserlichen  Gesundheitsamt,  XVIII,  Heft.  I,  1901. 
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Similar  experiments  have  recently  been  published  in  the  second 
report  of  the  Royal  Commission  on  Sewage  Disposal  in  London.1 
These  had  to  do,  not  with  the  nitrite-  and  nitrate-formers  as  such,  but 
with  the  absence  of  nitrification  when  both  sterile  sewage  and  sterile 
coke  are  used,  and  the  occurrence  of  nitrification  when  sterile  coke  is 
used  with  non-sterile  sewage. 

I  have  also  repeatedly  inoculated  sterilized  sewage  with  a  drop  of  a 
fresh,  pure  culture  of  the  nitrite-former,  and  have  carried  along  control 
experiments  with  sterile  sewage  alone.  In  the  inoculated  flasks,  after 
from  six  to  eight  days,  nitrite-formation  set  in  strongly,  together  with  a 
lowering  of  the  ammonia  content.  After  subsequent  inoculation  with 
a  pure  culture  of  a  nitrate-former  (see  below)  the  oxidation  continued 
promptly  to  the  nitric  acid  stage.  Sterilized  sewage  may  be  kept  in- 
definitely without  changing  in  reaction.  It  is  thus  proven  that  the 
nature  of  the  Berlin  sewage  is  such  that  the  nitrite  and  nitrate  bacteria 
can  exist  in  it  and  are  able  to  nitrify  the  ammonia. 

Finally,  I  inoculated  Petri  dishes  containing  silica  jelly  and  the 
inorganic  salts  proposed  by  Winogradsky  for  the  nitrite-formers  with 
three,  four,  and  six  drops  of  fresh  sewage,  respectively.  Oxidation  of 
the  ammonia  took  place  as  was  expected,  and  among  the  numerous 
colonies  that  grew  there  were  many  that  resembled  exactly  those  of 
the  Nitrosomonas  of  Winogradsky  ;  stained  preparations  of  such  colonies 
also  showed  bacteria  which  were  identical  with  the  Nitrosomonas.  By 
inoculating  solutions  containing  ammonium  salts  with  these  bacteria 
nitrification  was  produced.  I  have  not  endeavored  to  obtain  a  pure 
culture  of  Nitrosomonas  from  this  material,  being  unwilling  to  renew 
the  tedious  struggle  with  its  companions,  which  are  so  difficult  to 
separate. 

From  the  foregoing  results  it  is  clear  that  the  nitrifying  organisms 
are  brought  into  filters  by  the  sewage  itself,  although,  of  course,  these 
bacteria  may  reach  the  filters  in  other  ways. 

The  question  next  arose,  How  do  the  nitrite-formers  gain  access  to 
sewage  ?  One  possible  source  is  the  soil  which  comes  into  the  sewage 
from  the  washing  of  potatoes,  roots,  etc.  In  sand  and  in  cultivated  land 
the  organisms  of  Winogradsky  have  already  been  demonstrated. 

In  order  to  inquire  into  this  matter  still  more  closely,  I  inoculated 


1  Second  Report  of  the  Royal  Commission  on  Sewage  Disposal,  London,  1902. 
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silica  jelly  plates  with  from  ten  to  fifteen  drops  of  Berlin  tap  water. 
Nitrification  set  in  and  the  typical  small  yellow  colonies  appeared,  but 
only  in  small  numbers.  In  stained  preparations  from  such  colonies  I 
saw  bacteria  likewise  entirely  similar  to  Nitrosomonas.  In  the  silica 
jelly  treated  with  tap  water  the  ammonia  disappeared  after  from  four 
to  five  weeks. 

Further,  I  collected  a  sample  of  water  from  a  public  well  in  Wilhelm- 
strasse,  Berlin,  added  a  sterile  solution  of  the  salts  in  proper  concentra- 
tion as  recommended  by  Winogradsky  for  Nitrosomonas  cultures,  and 
kept  the  same  in  the  incubator  at  from  260  C.  to  280  C.  After  three 
weeks  nitrification  took  place,  giving  a  distinct  reaction  for  nitrites; 
forty-two  days  later  the  ammonia  had  disappeared.  Next  I  added  to 
100  c.c.  of  the  water  1  c.c.  of  a  10  per  cent,  solution  of  ammonium 
sulphate.  After  twenty-one  days  merely  a  trace  of  ammonia  could 
be  detected,  the  nitrites  having  from  the  start  continually  increased. 
Finally  they  almost  entirely  disappeared,  and  a  very  decided  nitrate 
reaction  set  in,  probably  due  to  the  activity  of  the  nitrate-formers.  In 
stained  preparations  from  this  solution,  besides  many  other  bacteria, 
there  were  some  exactly  similar  to  the  Nitrosomonas  of  Winogradsky. 

Finally,  by  courtesy  of  Mr.  Anklam,  chief  engineer  of  the  Berlin 
Water  Works  at  Friedrichshagen,  I  obtained  a  sample  of  sand  from 
one  of  the  filters  that  had  just  been  drained.  This  sand,  as  I  received 
it,  gave  a  very  strong  test  for  nitrites  and  a  weak  nitrate  reaction.  A 
stained  preparation  of  a  drop  of  water  from  the  sand  showed  a  great 
many  different  kinds  of  microorganisms.  A  sample  of  this  sand 
treated  with  Winogradsky's  Nitrosomonas  solution  showed  slow  but 
steadily  increasing  nitrification.  The  remainder,  which  was  kept  ex- 
posed to  the  air,  had  lost  its  nitrite  content  in  two  days  and  showed 
only  a  strong  nitrate  reaction. 

The  sample  was  not  tested  further,  as  the  detection  of  the  nitrite- 
and  the  nitrate-formers  in  sand  did  not  appear  to  be  necessary.  The 
passage  of  these  organisms  into  the  city  water  appears,  however,  to  be 
very  natural. 

It  now  seems  justifiable  to  conclude  that  the  nitrifying  bacteria  in 
(Berlin)  sewage,  in  part  at  least,  have  their  origin  in  the  water  supply. 
Assuming  that  the  conditions  at  Charlottenburg  are  similar,  it  may  be 
concluded  that  the  presence  of  nitrifying  bacteria  in  the  contact  bed 
at  Karolinenhohe  is,  in  part,  due  to  the  presence  of  these  organisms 
in  the  city  sewage  and  in  the  city  water  supply.     These  are,  however, 
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not  the  only  ways  by  which  the  nitrifying  organisms  are  introduced 
into  filters.  On  account  of  the  very  widespread  occurrence  of  these 
species  of  bacteria  in  nature,  the  possibility  of  their  gaining  access  to 
filters  is  very  great. 

Jordan  and  Richards  *  have  made  observations  on  surface  waters  of 
Massachusetts,  and  their  results  must  be  briefly  mentioned.  Examina- 
tions of  a  series  of  surface  waters  at  intervals  of  from  two  to  seven 
days  after  their  collection  showed  that  the  organic  matter  in  suspension 
decayed  in  about  seven  days,  as  was  shown  by  the  increase  of  free 
ammonia.  In  fourteen  days,  the  free  ammonia  had  disappeared  and 
nitrites  were  formed  which  reached  a  maximum  in  about  three  weeks. 
After  twenty-eight  days,  all  the  nitrogen  was  converted  into  the  form 
of  nitrate.  Celli  and  Marino-Zucco 2  have  isolated  from  water,  bacteria 
which  caused  the  formation  of  more  nitrites  in  water  containing  ammonia 
than  would  have  been  formed  had  the  water  remained  uninoculated. 

Parallel  with  the  researches  just  described  I  tried  to  isolate  the 
nitrate-forming  organism  from  the  coke  filters  at  the  sewage  purification 
plant  at  Karolinenhohe. 

It  is  scarcely  necessary  to  mention  that  on  account  of  the  large 
number  of  organisms  in  the  sewage  the  difficulties  of  isolation  were 
similar  to  those  encountered  with  the  nitrite-former.  The  work  was 
still  more  difficult  on  account  of  the  fact  that  there  were  present  in 
the  filters  bacteria  which  in  colonies  on  agar  and  silica  jelly  were 
almost  exactly  similar  to  those  described  by  Winogradsky.  I  have 
fished  such  colonies  repeatedly  and  I  have  found  that  they  did  not 
nitrify.  In  this  case,  also,  I  at  last  succeeded  in  isolating  a  pure 
culture,  and  this  was  when  I  found  by  chance  colonies  of  the  desired 
organism,  over  50  /a  in  diameter,  spread  over  the  surface  of  the  silica 
jelly. 

The  method  used  was  the  same  as  that  in  the  case  of  the  Nitro- 
somonas.  It  was  surprising  that  the  final  difficulty  in  obtaining  a  pure 
culture  was  to  remove  from  the  media  a  slowly  growing  mold  which 
continually  appeared.  (The  study  of  this  fungus  will  be  taken  up 
later.)  This  fungus  possessed  no  nitrifying  power.  The  presence  of 
nitrous  and  nitric  acids  is  favorable  to  its  development,  but  I  have  never 
observed  it  in  solutions  containing  ammonium  salts.     The  nitrate-former 


1  Massachusetts  State  Board  of  Health  Report,  1890,  p.  865. 
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isolated  from  sewage  appears  to  be  exactly  similar  to  the  "  Nitrobacter  " 
cultivated  by  Winogradsky. 

Now  let  me  give  an  account  of  the  morphology  and  biology  of  both 
of  the  organisms,  the  one  oxidizing  ammonia,  the  other  nitrous  acid  in 
its  salts. 

I  have  held  absolutely  to  the  methods  given  by  Winogradsky.  For 
the  preparation  of  slides  I  used  his  method,  consisting  of  a  preliminary 
staining  with  a  dilute  solution  of  malachite  green,  followed  by  rinsing, 
and  then  by  a  counterstain  with  methyl  violet.  In  this  way  I  always 
obtained  good  specimens.  Later  I  tried  to  stain  the  nitrite-formers 
with  a  slightly  stronger  solution  of  methyl  violet  alone,  and  that  also 
gave  good  results.  Since  then  I  have  stained  all  slides  with  methyl 
violet  only.  Unequal  staining  of  individuals  (plasmolysis)  I  have 
noticed  only  in  old  cultures;  I  have  not  succeeded  in  staining  the 
flagella  of  the  nitrite-former.  The  flagella  of  the  nitrate-former  were 
observed,  stained  exactly  as  Winogradsky  shows  in  photomicrographs.1 
This  result  was  obtained  very  often  by  simply  heating  with  methyl 
violet  on  the  cover  glass.  I  was  also  able  to  stain  the  cilia  of  the 
nitrate-former  by  Loeffler's  mordant  method.  The  nitrate-former 
stained  with  decidedly  greater  difficulty  than  did  the  nitrite-former; 
good  specimens  were  generally  obtained  only  after  slightly  warming 
the  stain  on  the  cover  glass. 

In  cultivating  both  of  the  organisms  in  solutions  and  in  jelly  I  can 
only  confirm  Winogradsky's  methods,  which  I  have  followed  rigidly 
with  the  best  results.  The  presence  of  inorganic  substances  only  is 
the  most  favorable  condition  for  development.  Neither  organism  will 
grow,  generally,  in  broth,  even  with  the  addition  of  the  respective 
nutrient  salts  (ammonium  carbonate  and  sodium  nitrite).  The  addi- 
tion of  iron  (0.4  gram  ferrous  ammonium  sulphate  per  liter)  to  the 
solutions,  which  I  employed  for  a  time,  has  been  discontinued,  since  a 
satisfactory  growth  can  be  obtained  without  iron,  and  since  the  precipi- 
tate of  basic  ferric  hydrate  makes  the  examination  of  the  zoogloea  more 
difficult.  By  the  addition  of  magnesium  carbonate,  prepared  and  steril- 
ized by  boiling  before  use  just  as  described  by  Winogradsky,  I  was 
able  to  see  how  the  little  particles  of  this  salt  were  surrounded  by  the 
zoogloea  of  the  bacteria  and  were  gradually  dissolved.  The  consump- 
tion of  carbonate  of  magnesia  was  so  great  that  I  was  able  to  add  three 


1  Archives  des  Sciences  Biologiques,  St.  Petersburg,  I,  p.  98,  1892. 
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1 -gram  portions  in  the  course  of  two  months.  Later,  in  order  to  have 
only  dissolved  substances  in  the  nutrient  solution,  I  used  1.6  c.c.  of  a 
10  per  cent,  solution  of  anhydrous  sodium  carbonate  for  every  100  c.c. 
of  nitrite-former  solution  instead  of  magnesium  carbonate.  The  results 
were  excellent.  The  addition  of  0.4  gram  of  anhydrous  sodium  car- 
bonate appeared  to  interfere  with  the  growth  of  the  nitrite-former; 
I  therefore  discontinued  it. 

The  use  of  sodium  carbonate  gave  me  the  opportunity  of  observing 
the  continual  decrease  of  alkalinity  during  the  activity  of  Nitrosomonas. 
The  reaction  became  after  a  time  neutral  to  phenolphthalein  and,  later, 
acid.  Repeatedly  in  titrating  1  c.c.  of  an  old  culture  with  phenol- 
phthalein as  indicator,  I  noticed  that  the  end-point  appeared  only  after 
the  addition  of  from  0.5  to  0.6  c.c.  of  one  hundredth  normal  caustic 
potash.  The  fluid  had  actually  become  acid,  while  freshly  prepared 
nitrite-former  solution  containing  sodium  carbonate  gave  an  alkaline 
reaction.  The  nitrifying  activity  of  the  organisms  was  coincident  with 
this  decrease  in  alkalinity.  I  have  observed  several  flasks  with  pure 
cultures  of  the  nitrite-formers  which,  in  spite  of  being  kept  for  four 
weeks  at  2 8°  C,  had  not  entirely  lost  their  ammonia  because  of  the 
absence  of  carbonate.  I  was  able  again  to  hasten  nitrification  by  adding 
sodium  carbonate  from  time  to  time. 

Although  Godlewski l  found  that  Nitrosomonas  could  assimilate  only 
free  carbonic  acid,  yet  Winogradsky's  results,  as  well  as  mine,  show  that 
this  organism  can  draw  its  needed  carbon  from  the  salts  of  carbonic  acid 
as  well  as  from  the  free  acid.  It  is  another  question,  however,  whether 
it  can  assimilate  all  the  carbon  of  the  carbonic  acid  which  the  subse- 
quently formed  free  nitrous  acid  has  liberated.  This  question,  I  think, 
must  be  answered  in  the  negative,  on  account  of  the  relatively  large 
amount  of  carbonate  consumed  and  the  proportionately  small  amount 
of  organic  matter  formed.  In  a  flask  containing  a  pure  culture  of  the 
nitrite-former,  in  which  nitrification  had  been  active  for  two  months,  and 
in  which  0.4  gram  anhydrous  sodium  carbonate  had  been  used  up  (the 
reaction  was  acid),  the  precipitated  zoogloea  filtered  off  and  dried  over 
sulphuric  acid  was  found  to  weigh  only  0.0016  gram. 

Using  sodium  instead  of  magnesium  carbonate  I  obtained  just  as 
good  zoogloea  formation,  and,  moreover,  without  the  disturbing  crystal- 
line particles.  Also,  when  sodium  carbonate  is  used  a  deficiency  of 
ammonium  salt  or  of  carbonate  prevents  rapid  zoogloea  formation.     I 
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further  observed  this  phenomenon  whenever  through  oversight  a  flask 
was  not  placed  in  the  incubator,  but  instead  remained  over  night  at 
about  io°  C.  The  zoogloea  is  white,  appearing  in  older  cultures  as 
white-yellow  flocks  without  any  particular  form.  The  flocks  could  be 
removed  with  the  platinum  needle  and  dried  and  weighed  as  described 
above.  Under  the  microscope  one  can  see  that  these  formless  masses 
consist  of  small,  individual  ball-shaped  conglomerates  of  bacteria,  held 
together  by  a  substance  staining  with  much  less  intensity  than  the 
organisms  themselves. 

I  could  never  observe  a  zoogloea  stage  alone  with  the  nitrite-former, 
for  a  monad  stage  was  always  simultaneously  present.  If  I  took  a 
drop  from  the  surface  of  a  pure  culture  of  the  nitrite-  or  the  nitrate- 
formers  which  showed  flocks  of  zoogloea  on  the  bottom,  and  examined 
it  in  the  hanging  drop,  I  always  found  a  distinctly  motile  organism. 
If  I  took  a  drop  from  the  bottom  of  the  flask,  I  then  saw  in  the 
flocks  themselves  absolutely  motionless  bacteria;  outside  these,  how- 
ever, there  were  bacteria  moving  slowly  in  and  out  amid  the  heaps 
of  zoogloea. 

Besides  these  ordinary  conditions,  I  noticed  also,  generally  on  the 
seventh  to  tenth  day  after  the  preparation  of  a  fresh  culture,  the  cloud- 
ing of  the  liquid  before  zoogloea  formation,  as  described  by  Winogradsky ; 
and  in  hanging  drops  at  this  time  I  noticed  a  more  rapid  movement  of 
the  bacteria  than  at  any  other  time,  just  as  in  the  monad  stage  described 
by  him. 

With  the  nitrate-former  I  could  not  observe  a  stage  with  especially 
rapid  movement.  However,  as  Winogradsky  found,  I  saw  the  strong 
agglutination  of  a  portion  of  the  bacteria  on  the  walls  of  the  flask, 
the  glass  having  become  thereby  opalescent.  If  the  flask  be  emptied, 
washed  out  with  sterile  water,  and  refilled  with  nitrite-nutrient  solution, 
a  distinct  increase  in  the  intensity  of  the  reaction  for  nitrites  may  be 
observed  after  four  to  five  days,  and  numbers  of  bacteria  may  be  found 
in  hanging  drops. 

I  observed  a  zoogloea  stage  with  the  formation  of  white  flocks  with 
the  nitrate-former  also.  I  have  not  noticed  the  zoogloea  stage  alone, 
but  always  accompanied  by  the  non-motile  and  motile  forms. 

According  to  my  observations,  the  nitrate-former  consumed  very  much 
less  carbonate  than  the  nitrite-former.  It  also  dissolved  very  much  less 
magnesia,  so  that  I  was  never  obliged  to  renew  the  amount  of  magne- 
sium carbonate  in  a  culture  of  the  nitrate-former  if  I  had  used  this  salt 
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for  neutralization  or  as  a  source  of  carbonic  acid  (see  above).  On  the 
other  hand,  the  change  from  nitrite  to  nitrate  was  a  very  significant 
one.  Thus,  for  example,  0.5  gram  of  sodium  nitrite  C.  P.  (Merck)  was 
oxidized  in  fifteen  days.  It  is  to  be  noted  that  according  to  the  liter- 
ature on  the  subject  sodium  nitrite  is  scarcely  obtainable  in  trade  free 
from  nitrates.  The  cultures  of  the  nitrite-former  consumed  1  c.c.  of 
2.  10  per  cent,  solution  of  ammonium  sulphate  on  an  average  in  from 
twelve  to  fourteen  days. 

With  silica  jelly  also,  as  Winogradsky  states,  it  was  possible  to  note 
the  gradual  disappearance  of  the  ammonia  or  the  nitrites  by  removing 
portions  of  the  medium  and  treating  them  with  Nessler  reagent  or  with 
sulphanilic  acid  and  a-naphthol. 

In  order  to  ascertain  what  salt  of  ammonium  the  nitrite-former  could 
oxidize  most  easily,  I  inoculated  the  following  solutions : 

1.  Nutrient  solution  with  ammonium  sulphate. 

2.  Nutrient  solution  with  ammonium  carbonate. 

3.  Nutrient  solution  with  sodium  ammonium  phosphate. 

4.  Nutrient  solution  with  ammonium  hydrate. 

In  3  the  ammonia  disappeared  much  more  slowly  than  in  1  and  2. 
In  1  the  disappearance  of  the  ammonia  took  place  in  from  twelve  to 
fourteen  days ;  in  2,  after  ten  days ;  in  3  it  had  not  disappeared  after 
twenty-one  days  (through  an  oversight  flask  3  could  not  be  further 
examined).  I  later  repeated  the  experiment  with  free  ammonia  uncom- 
bined  with  an  acid,  using  each  time  an  amount  corresponding  to  0.1 
gram  of  ammonium  sulphate,  that  is,  0.1  c.c.  of  a  25  per  cent,  ammonia 
solution. 

It  appears  that  free  ammonia  in  general  cannot  be  oxidized  by  the 
nitrite-former.  Winogradsky  and  Omeliansky  l  have  found  that  0.005 
per  cent,  of  ammonium  hydrate  checks  the  activity  of  the  "  Nitrobac- 
ter,"  and  that  0.015  per  cent,  prevents  it  entirely.  I  did  not  repeat 
the  experiment  with  sodium  ammonium  phosphate,  since  on  each  trial 
tertiary  phosphate  was  precipitated. 

It  appeared  important  to  try  a  series  of  experiments  in  order  to 
obtain  practical  results  showing  what  chemical  substances  from  hospi- 
tal sewage,  trade  wastes,  etc.,  could  have  an  injurious  effect  upon  the 
nitrifying  activity  of  the  bacteria  in  sewage  or  in   filters.     I   studied, 
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therefore,  the  effect  of  acids,  phenol,  sublimate,  and  chloride  of  lime 
upon  the  growth  and  the  nitrifying  power  of  the  nitrite-former. 

Such  amounts  of  titrated  solutions  of  i,  acetic  acid;  2,  lactic  acid; 
3,  oxalic  acid  ;  4,  sulphuric  acid  ;  5,  phenol ;  6,  chloride  of  lime  ;  7,  sub- 
limate, were  added  to  the  usual  nitrite-former  solution,  that  in  the 
respective  flasks  there  was  present  a  o.  1  per  cent,  solution  of  the  sub- 
stances 1  to  6  (for  the  sublimate  see  table).  I  have  already  mentioned 
the  fact  that  free  ammonia  has  an  injurious  effect.  The  following 
table  shows  the  results  of  the  experiments. 

Tabulated  Results  of  the  Experiment  of  October  16,  1902. 


Elapsed  Timk. 

Six  days. 

Eighteen  days. 

Twenty-two 
days. 

Twenty-seven 
days. 

NH, 

N,Os 

NH3 

•  •• 

N,Os 
ft* 

NHS 

•  •• 

N,Os 

• 

N.O, 

1. 

0.1  per  cent,  acetic  acid  .   .   ■ 

•  •• 

*  Zoogloea. 

•  • 

•  •* 

2. 

0.1  per  cent,  lactic  acid  .   .    . 

•  •• 

j    *  Slight    i 
I   zoogloea.   ) 

•  •• 

•  • 

... 

•  • 

• 

**• 

3. 

0.1  per  cent,  oxalic  acid     .   - 

•  •• 

1 

i             * 

•  •  • 

•  • 

•  •• 

•  * 

•  • 

»*• 

4. 

0.1  per  cent,  phenol    .... 

•  •• 

(    •  Slight    1 
(   zoogloea.    J 

•  •• 

•  ft 

•  •• 

•  • 

•  • 

•  • 

5. 

0.1  per  cent,  sulphuric  acid  . 

•  •• 

• 
Traces  clear. 

•  •• 

• 

•  •• 

• 

•• 

•  « 

6. 

0.1    per    cent,     commercial  1 
chloride  of  lime  ....     ) 

•  •» 

0  clear. 

•  •• 

• 

•  •• 

• 

*•* 

•  * 

7. 

0.1  per  cent,  sublimate1     .    . 

•  »• 

0 

•  •• 

Trace. 

•  •• 

* 

•  ft* 

• 

8. 

Control 

•  •• 

•*  Zoogloea. 

•  •• 

•  • 

•  •• 

•  ft* 

• 

•  •* 

*  •  *  For  ammonia,  precipitate  with  Nessler. 

**  For  ammonia,  strong  yellow  color  with  Nessler. 

*  For  ammonia,  a  weak  >ellow  color  with  Nessler. 

*  ft*  For  nitrous  acid,  brownish-red  precipitate  with  sulphanilic  acid  naphthol. 
**  For  nitrous  acid,  deep  red  color. 

*  For  nitrous  acid,  decided  pink  color. 
0  No  reaction. 


1  In  mixing  this  solution  a  strong  precipitate  of  mercury  ammonium  chloride  formed,  so  that  surely  only  very 
little  mercuric  chloride  remained  in  solution. 


On  the  twenty-second  day  of  the  experiment  hanging  drops  from  all 
of  the  flasks,  except  those  containing  sublimate  and  chloride  of  lime, 
showed  motile  bacteria,  and  under  the  microscope  these  were  found  to 
be  similar  to  the  nitrite-formers.  At  the  start  the  contents  of  all  the 
flasks  was  acid,  except  the  control,  which  was  alkaline.  It  is  evident, 
therefore,  that  o.i  per  cent,  solutions  of  these  substances  while  check- 
ing  the  growth  of  the  nitrite-former  do  not  entirely  prevent  it.     Domes- 
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tic  sewage  contains,  if  at  all,  scarcely  ever  more  than  0.1  per  cent,  of 
phenol  or  more  than  traces  of  sublimate,  the  latter,  moreover,  being  to 
the  greatest  part  combined  with  the  soaps  and  albuminous  substances 
in  the  sewage.  The  harmful  effect  of  the  sublimate  was  the  greatest 
in  spite  of  the  precipitate  mentioned  above. 

The  same  series  of  experiments  with  0.5  per  cent,  solutions  showed 
a  lessening  of  the  growth  and  of  the  activity  of  the  nitrite-formers,  and 
in  no  case  was  zoogloea  formation  observed.  A  distinct  nitrite  reaction 
was  obtained  only  with  the  0.5  per  cent,  acetic  acid  after  twenty  days. 

An  interesting  point  in  the  biology  of  the  nitrite-former  is  that   , 
although  o.  1  per  cent,  sulphuric  acid  is  sufficient  to  prevent  its  growth, 
yet  it  develops  and  can  form  nitrates  in  weak  solutions  of  organic  acids. 

When  a  solution  containing  potassium  phosphate,  ammonium  sul- 
phate, and  sodium  chloride,  but  no  carbonate,  was  inoculated  with  a 
pure  culture  of  Nitrosomonas,  nitrites  were  formed,  but  very  slowly. 

In  order  to  ascertain  whether  the  oxidation  of  the  ammonia  could 
be  obtained  through  physical  causes,  as  by  passing  solutions  containing 
ammonium  salts  through  sand  or  soil  or  through  coke,  I  started  the 
following  two  series  of  experiments. 

1.  Sand  was  thoroughly  washed,  ignited  for  one  hour  in  a  muffle,  and,  after  cooling, 
placed  in  two  separatory  funnels.  (Note.  —  The  separatory  funnels  had  glass  wool  over 
their  respective  outlets  to  avoid  loss  of  sand.)  By  the  ignition  the  sand  had  acquired  a 
strong  alkaline  reaction  which  could  not  be  removed  by  continued  washing  with  sterile 
distilled  water  alone.  It  was,  therefore,  treated  with  hydrochloric  acid,  neutralized  with 
a  sterile  solution  of  sodium  carbonate,  and  then  washed  with  sterile  distilled  water. 

Funnel  Number  I,  containing  one-half  a  liter  of  sand,  was  inoculated  with  15  c.c.  of 
a  strongly  oxidizing  pure  culture  of  the  nitrite-former.  Funnel  Number  II,  containing  a 
like  amount  of  sand,  was  not  inoculated.  For  twenty-one  days  I  added  to  each  funnel 
daily  Winegradsky's  nitrosomonas  nutrient  salt  solution;  this  remained  in  the  sand  for 
from  one  to  two  hours  and  was  then  allowed  to  run  out.  After  the  nitrite  present  in  the 
inoculating  liquid  had  been  washed  out,  the  water  from  funnel  Number  I  gave  a  nitrite 
reaction,  weak  at  first  but  gradually  increasing  in  intensity.  Ammonia  was  always  present, 
but  no  nitrates.  In  funnel  Number  II  nitrites  and  nitrates  were  never  observed,  the 
ammonia  test  being  given  throughout  without  any  reduction  in  intensity. 

Further,  two  separatory  funnels  of  1,500  c.c.  capacity  were  filled  with  sand  from  a 
cultivated  field.  Before  use  the  sand  had  been  exposed  to  streaming  steam  for  eight  days, 
two  hours  each  day.  A  gelatin  plate  was  then  prepared  to  test  this  sand,  and  as  no 
colonies  developed  in  three  days  the  sand  was  considered  sterile.  Funnel  Number  I  was 
then  inoculated  with  10  c.c.  of  a  strongly  oxidizing  pure  culture  of  Nitrosomonas.  Funnel 
Number  II  was  not  inoculated.  Both  funnels  were  at  first  filled  daily  with  a  0.1  per  cent, 
sterilized  solution  of  ammonium  sulphate;  later  a  0.025  per  cent,  solution  of  this  salt 
was  used  in  order  to  approach  nearer  to  the  conditions  of  sewage.  The  solutions  were 
left  in  the  sand-filled  funnels  for  two  to  three  hours ;  they  were  then  allowed  to  drain  out. 
From  the  beginning  the  effluent  from  funnel  Number  I  showed  a  very  strong  nitrite  reac- 
tion.    The  effluent  from  funnel  Number  II  never  gave  more  than  traces  of  either  nitrites 
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or  nitrates.  After  twenty-eight  days  the  sand  in  funnel  Number  I,  which  had  been  inocu- 
lated with  Nitrosomonas,  was  in  addition  seeded  with  5  c.c.  of  a  strongly  oxidizing  pure 
culture  of  the  nitrate-former,  and  was  then  treated  daily  with  a  0.025  per  cent,  solution  of 
ammonium  sulphate  (as  described  above).  The  solution  was  allowed  to  run  out  after  two 
hours.  The  effluent  from  this  time  on  showed  only  a  weak  nitrite  reaction,  but  a  strong 
nitrate  reaction. 

* 

2.  The  same  experiments  were  then  repeated  with  sterile  coke  from  3  to  8  mm.  in 
diameter,  using  the  large  separatory  funnels.  From  the  start  a  0.025  per  cent,  solution  of 
ammonium  sulphate  was  used.  The  results  were  the  same  as  in  the  previous  experiments. 
In  the  sterile  uninoculated  coke,  also,  neither  nitrites  nor  nitrates  were  formed. 

By  these  experiments  I  believe  that  I  have  proven  that  it  is  not 
justifiable  to  assume  a  physical  or  a  chemical  oxidation  of  ammonium 
salts  by  sand,  by  cultivated  soil,  or  by  coke,  but  rather  that  this  oxida- 
tion is  brought  about  entirely  by  the  two  nitrifying  bacteria  found  in 
soil  by  Winogradsky.  This  is  in  accordance  with  the  fact  that  newly 
constructed  filters  must  first  be  "matured."  As  to  the  "maturing" 
stage,  I  believe  that  energetic  nitrification  is  not  to  be  expected  until 
a  sufficient  number  of  Winogradsky's  nitrifying  bacteria  have  developed 
upon  the  surface  of  the  coke  or  of  the  sand. 

In  England  some  authorities  go  so  far  as  to  place  the  presence  of 
a  certain  amount  of  nitrates  among  the  requirements  of  the  effluents 
of  contact  beds.  The  judgment  of  purification  according  to  the  amount 
of  the  nitrate  in  the  effluent  is  still  questionable.  At  the  same  time,  it 
would  appear  to  be  feasible  to  determine  by  experiment  whether  the 
time  of  ripening  could  be  shortened  by  artificially  inoculating  recently 
constructed  filters  with  nitrifying  organisms.  Similar  proposals  have 
already  been  made  by  Dibdin,  Scott-Moncrieff,  and  others.  Whether 
actual  experiments  have  been  undertaken  is  not  known.  We  have  had 
in  mind  such  experiments  ever  since  the  establishment  of  our  Bureau. 

In  conclusion  I  should  like  to  observe  further  that  as  a  supplement 
to  the  experiments  above  cited  I  am  engaged  in  studying  the  effect  of 
substances  occurring  in  manufacturing  wastes  upon  the  life  processes 
of  the  nitrifying  bacteria. 

Briefly  summarized,  the  results  of  my  work  may  be  stated  as  follows : 

1.  On  the  coke  of  biological  filters  Winogradsky's  nitrifying  organ- 
isms are  present. 

2.  For  their  isolation  the  silica  jelly  media  proposed  by  Winogradsky 
is  strongly  recommended. 

3.  The  microorganisms  isolated  by  Winogradsky  are  introduced  into 
filters  by  the  sewage  itself  (although  it  is  not  to  be  concluded  that  there 
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is  no  other  way  in  which  small  numbers  of  the  nitrifying  organisms  gain 
access  to  filters).  These  organisms  were  found  in  Berlin  sewage  as  well 
as  in  Berlin  spring  water  and  tap  water. 

4.  I  have  not  been  able  to  find  upon  the  coke  of  biological  filters 
any  nitrifying  organisms  other  than  those  discovered  by  Winogradsky. 

5.  Sterilized  sewage  containing  ammonium  salts  may  be  kept  for 
an  indefinite  time  without  losing  its  ammonia.  If  such  sewage  be  in- 
oculated with  the  nitrite-  and  the  nitrate-formers,  the  ammonia  is  soon 
oxidized,  first  to  nitrites  and  then  to  nitrates.  A  condition  of  equilib- 
rium is  then  reached,  no  further  change  taking  place. 

6.  Unsterilized  sewage  kept  without  inoculation  loses  its  ammonia 
in  time.  Nitrites  and  nitrates  make  their  appearance,  and  these  dis- 
appear after  some  time  (denitrification). 

7.  The  optimum  temperature  for  the  nitrifying  organisms  lies 
between  280  C.  and  300  C.  If  kept  at  530  C.  for  fifteen  minutes  these 
bacteria  are  affected ;  that  is,  they  show  no  motility  in  hanging  drops ; 
when  brought  again  to  280  C,  however,  they  are  able  to  nitrify;  at 
6o°  C.  to  65 °  C.  they  are  killed  in  forty-five  minutes. 

8.  Slight  amounts  of  organic  acids,  such  as  acetic,  oxalic,  and 
lactic,  up  to  o.i  per  cent.,  interfere  but  little  with  the  growth  of  the 
nitrifying  organisms;  they  retard  their  nitrifying  activity  only.  Com- 
mercial chloride  of  lime  and  phenol  up  to  o.  1  per  cent,  act  similarly. 

9.  0.5  per  cent,  solutions  of  the  above-named  organic  acids,  as  well 
as  of  phenol,  commercial  chloride  of  lime,  and  inorganic  acids,  com- 
pletely prevent  growth  and  nitrification. 

10.  Free  ammonia  entirely  prevents  the  growth  and  activity  of 
the  nitrifying  organisms. 
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BOOK  REVIEWS. 
The  Metals.1 

A  person  desiring  to  look  into  the  history  of  metals  had  formerly 
to  consult  mainly  works  on  the  history  of  chemistry,  such  as  those  of 
Kopp2  and  Hoefer,8  as  special  works  on  the  subject  (Zippe,4  Rossing5) 
were  short  and  rare,  and  metallurgical  works,  with  the  exception  of  Vol- 
ume I  of  Karsten's6  treatise,  give  little  information.  These  publications 
treat  mainly  of  the  first  records  of  occurrence  of  ores,  of  the  uses  of 
metals,  and  of  production,  and  occasionally  of  primitive  methods  of  ore 
treatment.  Dr.  L.  Beck7  was  the  first  to  consider  historically  the 
technology  of  a  single  metal  in  his  monumental  treatise,  "The  History 
of  Iron :  Its  Technical  Processes  and  Agency  in  Civilization." 

The  volume  under  consideration  aims  to  give  in  a  single  book  the 
history  of  all  the  metals,  including  those  of  rarer  occurrence,  forty-one 
in  all.  The  plan  is  to  discuss  the  history,  the  methods  of  treatment, 
and  the  uses  of  each  metal,  tracing  them  from  ancient  to  modern  times ; 
to  outline  briefly  the  metallurgical  history  of  the  different  countries 
which  have  been  or  are  still  prominent  in  the  output  of  the  several 
metals ;  to  enumerate  the  ore-forming  minerals ;  and  to  bring  together 
in  tables  and  diagrams  the  statistics  of  production  and  of  prices  from 
the  earliest  records  down  to  1902.  The  main  part  of  the  book  is 
devoted  to  the  history  of  metallurgical  treatment  of  the  metal-bearing 
ores,  following  the  history  of  each  metal  from  the  imperfect  methods 
used  at  first  through  the  various  improvements  to  the  processes  in  com- 
mon use  today,  of  which  a  concise  description  is  given.     An  attempt  is 


1  Die  Metalle,  Geschichte,  Vorkommen  und  Gewinnung  nebst  ausf  uhrlicher  Productions- 
und  Preiss-Statistik.    By  B.  Neumann,  Ph.D.     Halle  a.  S.,  Knapp,  1904,  pp.  421.    Mark  16. 

2H.  Kopp,  Geschichte  der  Chemie,  4  vols.,  lvii  +1701  pp.,  Brunswick,  1843-47;  also 
Beitrage  zur  Geschichte  der  Chemie,  xi  -f  530  pp.,  Brunswick,  1869;  and  Die  Entwickelung 
der  Chemie  in  der  Neueren  Zeit,  xxii  -j-  S54  pp.,  Munich,  1874. 

8  F.  Hoefer,  Histoire  de  la  Chimie.     2  vols.,  xviii  -+-  10 19  pp.     Paris,  1842-43. 

4  F.  H.  M.  Zippe,  Geschichte  der  Metalle.    xvi  -f-  364  pp.    Vienna,  1857. 

6  A.  Rossing,  Geschichte  der  Metalle.     viii  -+-  274  pp.     Berlin,  1901. 

6C.  J.  B.  Karsten,  System  der  Metallurgie.  5  vols.,  xxxiv  +  2346  pp.,  1  atlas  with 
51  plates.    Berlin,  1831. 

7  Geschichte  des  Eisens.    5  vols.     Braunschweig,  1891-190/;. 
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made  to  compare  the  different  processes  by  the  yield  in  metal  and  the 
cost  of  treatment,  a  thing  possible  only  in  rare  cases. 

This  is  the  first  time,  it  is  believed,  that  a  history  of  the  technical 
development  of  metallurgy  has  been  attempted.  If  we  state  that  the 
book  has  received  the  first  award  in  a  competition  offered  by  the  well- 
known  Prussian  Society  for  the  Development  of  Industry,  we  cannot 
but  help  being  at  once  favorably  inclined  toward  the  work.  In  looking 
over  with  some  care  the  metallurgical  part,  one  can  easily  understand 
why  the  author  should  have  been  successful  in  the  competition,  for  it 
is  well  done.  The  arrangement  is  good,  the  story  is  told  in  a  clear  and 
concise  way,  the  technical  data  are  sufficient  to  form  a  general  idea  of 
the  value  of  the  different  processes,  and  enough  references  are  given  to 
show  whence  much  of  the  rare  information  has  been  derived. 

As  to  the  purely  historical  part  of  the  several  metals,  especially  of  those 
which  were  known  to  the  ancients,  the  author  might  have  enlightened 
his  reader  more  in  regard  to  the  publications  he  had  consulted.  It 
seems  to  the  reviewer  that  the  volume  would  have  gained  much  in 
value  if  at  the  end  of  each  chapter  there  had  been  given  a  bibliography 
of  the  metal  considered.  It  is  hoped  that  the  author  may  soon  remedy 
this  omission  by  an  appendix,  and  thus  correct  the  only  serious  defect 
we  can  find  in  the  otherwise  excellent  work. 

H.  O.  Hofman. 


The  American  Institute  of  Electrical  Engineers.1 

The  papers  read  before  the  American  Institute  of  Electrical  Engineers 
during  the  year  1902  are  so  voluminous  that  it  has  been  necessary  to 
divide  the  Transactions  for  that  year  into  two  volumes,  of  which  only 
the  one  covering  the  first  half  of  the  year,  Volume  XIX  of  the  whole 
series,  has  appeared  in  the  bound  form. 

Each  regular  meeting  is  devoted  to  a  special  subject.  Those  dis- 
cussed in  the  present  volume  are :  methods  of  illumination,  the  electric 
railway,  high  tension  circuits  and  protection  of  apparatus,  electro-chem- 
istry, telephony,  electric  elevators,  electric  railroading,  and  electricity  in 
the  army  and  navy.  The  volume  closes  with  the  proceedings  of  the 
annual  convention  at  Great  Barrington,  which  includes  a  series  of  papers 


1  Transactions  of  the  American  Institute  of  Electrical  Engineers,  January  to  July,  1902, 
XIX;   10+  1234  pp.,  ill.,  plates,  8vo.     New  York,  1903. 
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and  discussion  in  regard  to  the  education  of  electrical  engineers  that 
will  be  read  with  much  interest  and  profit  by  all  who  are  engaged  in 
technical  instruction. 


Systematic  Organic  Chemistry.1 

The  aim  and  scope  of  this  book  are  clearly  given  in  the  following 
extracts  from  the  preface :  "  At  the  time  of  writing,  the  only  general 
and  fairly  systematic  procedure  for  the  identification  of  previously 
described  organic  compounds  of  all  classes  is  that  which  may  be  con- 
veniently designated  the  Method  of  the  Empirical  Formula.  In  fol- 
lowing this  procedure  a  determination  of  the  percentage  composition 
is  first  made.  The  molecular  weight  is  next  determined  or  conjectured. 
From  these  data  an  empirical  formula  is  calculated.  The  properties  of 
the  substance  are  then  compared  with  those  of  all  the  known  com- 
pounds possessing  this  formula  by  reference  to  their  scattered  litera- 
ture, for  which  Richter's  '  Lexicon  der  Kohlenstoff-Verbindungen '  now 
furnishes  a  very  complete  index.  .  .  .  The  indispensable  key  to  the 
use  of  this  method  is  proficiency  in  ultimate  organic  analysis,  whose 
difficult  technique  is  fully  mastered  only  by  long  practice.  The  per- 
formance of  the  combustions,  which  must  be  made  in  duplicate  to 
secure  certainty,  is  at  best  a  time-consuming  operation ;  and  even 
after  reliable  results  have  been  attained,  it  is  further  necessary  in 
order  to  fully  identify  a  compound  to  resort  to  a  study  of  its  physical 
properties,  chemical  behavior,  and  perhaps  to  a  molecular-weight  deter- 
mination.' '  In  order  to  do  away  with  this  laborious  method  and  facili- 
tate the  identification  of  organic  compounds,  the  author  has  worked 
out  a  system  which  rests  "  upon  a  classification  designed  to  secure  for 
the  carbon  compounds  those  advantages  which  have  been  already  so 
long  enjoyed  in  botany  and  other  branches  of  natural  history  through 
the  use  of  systematized  descriptions  of  salient  characteristics.  The 
compounds,  or  chemical  'species/  have  been  first  grouped  into  'orders' 
on  the  basis  of  their  qualitative  elementary  composition ;  then  into 
' genera '  '(aldehydes,  acids,  phenols,  etc.),  usually  on  the  basis  of  be- 


1 A  Method  for  the  Identification  of  Pure  Organic  Compounds  by  a  Systematic  Ana- 
lytical Procedure  Based  on  Physical  Properties  and  Chemical  Reactions.  Vol.  I.  Contain- 
ing Classified  Descriptions  of  about  2,300  of  the  more  Independent  Compounds  of  Carbon 
with  Hydrogen  and  with  Hydrogen  and  Oxygen.  By  Samuel  Parsons  Mulliken,  Ph.D., 
Instructor  in  Organic  Chemistry  and  Organic  Analysis  at  the  Massachusetts  Institute  of 
Technology.     New  York :  Wiley,  1904.     xii  -f-  264  pp.    #5.00. 
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havior  in  simple  chemical  tests ;  and  finally  arranged  in  each  genus 
according  to  the  increasing  value  of  some  readily  determined  constant 
like  the  melting-point  or  boiling-point.  The  name  of  each  species  is 
followed  in  the  tables  by  a  brief  specific  characterization  enumerating 
some  of  the  simpler  properties  of  the  substance  that  have  genuine 
analytical  significance,  and  then,  whenever  possible,  by  detailed  direc- 
tions for  preliminary  and  corroborative  chemical  tests  which  can  be 
performed  with  small  quantities  of  material.  .  .  ,.  The  claims  to  admis- 
sion to  this  volume  of  every  compound  of  carbon  with  hydrogen  or 
with  hydrogen  and  oxygen  that  receives  mention  in  the  second  edi- 
tion of  Beilstein's  great  « Handbuch  der  organischen  Chemie '  and  its 
supplements  issued  prior  to  January,  1902,  have  been  separately  passed 
upon,  and  about  2,300  selected  as  deserving  mention  in  the  tables.  .  .  . 
The  most  important  intentional  omissions  are :  substances  whose  claims 
to  recognition  as  distinct  chemical  species  are  not  generally  accepted ; 
uncrystallizable  syrups  that  cannot  be  distilled  without  decomposition; 
the  oily  and  fatty  glycerides;  those  glucosides  and  synthetic  sugars 
of  which  specimens  could  not  be  obtained  for  examination."  ^^-—  — < 
In  Chapter  I  are  given  detailed  directions  for  carrying  out  the 
method  of  identification  devised  by  the  author.  After  the  compound 
is  obtained  in  a  pure  condition  its  physical  properties  and  the  elements 
present  are  determined.  General  tests  to  discover  to  what  genus  the 
compound  belongs  are  next  made.  These  tests,  which  distinguish  from 
one  another  aldehydes,  acids,  ketones,  alcohols,  hydrocarbons,  etc.,  are 
the  results  of  very  careful  and  extensive  work  by  the  author  and  his 
•pupils.  When  the  class  to  which  a  compound  belongs  has  been  deter- 
mined, reference  is  made  to  a  table  of  the  species  in  this  class,  which  are 
arranged  according  to  melting-  and  boiling-points.  The  final  identifica- 
tion of  the  substance  is  effected  by  the  application  of  some  characteristic 
test,  or  by  the  preparation  of  some  easily  prepared  derivative,  the  physi- 
cal properties  of  which  can  be  readily  determined.  A  great  many  of 
these  specific  tests  for  important  compounds  have  been  worked  out  with 
great  care,  and  detailed  directions  are  given  for  their  application.  To 
the  reviewer  these  tests  appear  to  be  one  of  the  most  valuable  features 
of  the  book.  Two  examples  of  the  application  of  the  method  are  given. 
The  time  required  to  identify  a  sample  of  hydroquinone  was  one  hour 
and  fifty  minutes,  and  0.85  gram  of  the  substance  was  consumed.  All 
the  tests  in  the  identification  of  mesitylene  were  completed  in  two  hours 
and  fifty-five  minutes,  with  an  expenditure  of  0.87  gram  of  the  substance. 
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In  order  to  facilitate  the  identification  of  colored  compounds,  which 
constitute  a  suborder  in  the  classification,  the  book  is  furnished  with  a 
color  chart. 

The  final  chapter  is  devoted  to  a  consideration  of  the  laboratory 
processes  which  are  made  use  of  in  carrying  out  the  various  tests. 
These  include  the  determination  of  melting-points,  boiling-points,  spe- 
cific gravity,  color,  etc.  Special  attention  is  given  to  the  methods 
employed  in  handling  small  quantities.  This  chapter  is  a  valuable  one, 
as  in  it  are  given  a  number  of  laboratory  "  wrinkles "  which  are  not 
described  elsewhere.  In  conclusion,  the  reviewer  wishes  to  express  the 
opidion  that  in  giving  to  the  chemical  world  this  book,  which  is  a  record 
of  eight  years'  work,  most  of  which  time  was  spent  in  the  laboratory, 
Dr.  Mulliken  has  made  a  valuable  contribution  to  the  literature  of 
practical  organic  chemistry.  J.  F.  N. 


Reinforced  Concrete.1 

This  little  book  is  a  translation  and  arrangement  of  a  series  of 
eight  papers  published  in  various  periodicals  during  the  past  five  years, 
by  the  well-known  French  engineer  and  experimenter,  M.  Consid£re, 
upon  the  subject  of  reinforced  concrete,  a  subject  which  has  attracted, 
probably,  more  attention  during  recent  years  than  any  modern  devel- 
opment of  structural  engineering.  The  first  of  M.  Considered  papers 
upon  this  subject  was  read  before  the  Academy  of  Sciences  in  1898, 
but  this  was  followed  quickly  by  others,  until  together  they  form  a 
tolerably  complete  discussion  of  the  experimental  and  theoretical  aspect 
of  the  subject,  and  the  translator  has  had  for  his  object  to  rearrange 
and  present  them  in  logical  form  to  the  American  reader,  while  adhering 
closely  to  the  author's  wording  and  treatment. 

The  first  chapter  treats  of  "reinforced  concrete  in  bending."  The 
experiments  described  really  introduced  compression  as  well  as  bending, 
but  the  former  is  comparatively  small  and  has  apparently  been  neglected. 
The  discussion  is,  in  parts,  far  from  clear,  and  the  reader  will  find  it 
impossible  to  check  the  tables  from  the  data  given.  These  discrep- 
ancies, however,  occur  in  the  original  papers,  and  it  is  to  be  regretted 
that  the  translator  did  not  improve  the  opportunity  to  revise  as  well 
as  to  translate,  and  to  eliminate  some  of  these  inaccuracies.     Some  of 


1  Experimental  Researches  on  Reinforced  Concrete,  by  Armand  Considere  ;  translated 
.and  arranged  by  Leon  S.  Moisseiff,  C.E.     New  York:  McGraw,  1903.     $2.00. 
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the  deductions  appear  very  roughly  approximate,  especially  as  regards 
the  coefficient  of  elasticity,  the  only  reasonably  accurate  way  to  deter- 
mine this  quantity  being  by  direct  tests  in  compression  and  tension,  and 
not  from  computations  based  on  transverse  tests,  since  the  deflection 
clearly  depends  upon  a  number  of  elements.  The  general  discussions, 
however,  are  interesting  and  valuable.  One  of  the  most  surprising  of 
Consid&re's  results,  as  is  well  known,  was  that  while  in  direct  tension 
concrete  will  crack  when  the  elongation  reaches  about  0.0 1  per  cent., 
nevertheless,  in  reinforced  beams  the  elongation  on  the  tension  side 
may  be  some  ten  times  this  value  without  any  cracking.  The  author 
computes  reinforced  concrete  beams  using  a  constant  value  of  E  in 
compression  (2,700,000  pounds  per  square  inch)  and  a  constant  tensile 
stress  on  the  concrete  below  the  neutral  axis,  and  assuming  that  plane 
sections  remain  plane. 

In  Chapter  II  the  author  discusses  the  deformation  and  testing  of 
"beams,  and  shows  the  uncertainty  attending  any  attempt  to  compute 
deflections.  Nevertheless,  tests  of  the  completed  structure  appear  to 
be  more  necessary  in  the  case  of  reinforced  concrete  structures  than  in 
the  case  of  steel  structures.  The  measurement  of  the  local  deforma- 
tions—  that  is,  of  the  direct  compression  or  tension  —  will,  perhaps, 
prove  a  better  guide  in  this  respect  than  the  measurement  of  deflec- 
tions, influenced  as  the  latter  is  by  shearing  and  other  elements  of 
the  problem.  In  Chapter  III  the  effects  of  changes  in  volume  are 
considered,  and  the  internal  stresses  which  are  thereby  caused  are 
discussed.  This  is  a  matter  too  often  lost  sight  of  in  construction, 
and  the  bearing  which  these  initial  stresses  have  upon  the  use  of  rich 
concretes,  the  amount  of  water  used,  and  other  questions,  merit  careful 
consideration.  In  Chapter  IV  the  tensile  and  compressive  resistance  of 
concrete  is  further  discussed,  and  in  Chapter  V  the  resistance  to  shear- 
ing and  sliding  is  briefly  referred  to.  These  questions,  however,  are  yet 
in  a  quite  uncertain  state,  and  there  is  room  for  much  further  investiga- 
tion regarding  them.  The  effect  of  cracks  is  considered  in  Chapter  VI, 
and  finally,  in  Chapter  VII,  the  subject  of  columns  of  reinforced  concrete 
and  the  effect  of  using  hoops  are  discussed  at  considerable  length. 

Altogether  the  book  is  a  valuable  and  timely  contribution  to  the 
literature  of  this  important  subject,  and  will  be  welcomed  by  all  struc- 
tural engineers.  We  only  wish  it  had  been  made  more  clear  in  places, 
and  free  from  inaccuracies  in  figures  and  tables.  We  hope  these 
defects  will  be  remedied  in  a  future  edition.  G.  F.  S. 
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FORTY-SECOND  YEAR,  1903-IQ04. 


May  19,   1904. 

The  42d  annual  meeting  (597th  regular  meeting)  of  the  Society 
of  Arts  was  held  in  Room  22,  Walker  Building,  on  Thursday  evening, 
May  19,  at  eight  o'clock,  Colonel  Hewins  in  the  chair.  One  hundred 
and  fifty  persons  were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  Irving  W.  Reynolds  and  Mr.  Dickson  Q.  Brown  were 
elected  to  Associate  Membership  in  the  Society. 

The  annual  report  of  the  Executive  Committee  was  read  and 
approved. 

Report  of  the  Executive  Committee  presented  at  the  Forty-second  Annual 

Meeting  of  the  Society,  May  19,  1904. 

The  first  meeting  of  the  Society  for  the  present  year  was  held  on  October  15,  1903. 
Fifteen  meetings  have  been  held,  with  an  average  attendance  of  one  hundred  and 
seventy-five. 

The  following  papers  have  been  read:  — 

1.  "  American  Rapid  Transit  in  the  Light  of  European  Experience."    Mr.  John  P.  Fox. 

2.  "  Solar  Evaporators :  their  Development  and  Use  in  Water  Engineering."  Capt. 
W.  H.  Jaques. 
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3.  "  Mosquitoes  and  Suggestions  for  their  Extermination."    Mr.  Lyman  W.  Underwood. 

4.  "  One  Field  of  Twentieth  Century  Science."     Mr.  Simon  Newcomb. 

5.  "Influence  of  Food  Preservatives  on  Digestion."  Dr.  Herbert  W.  Wiley,  Chief 
Chemist,  United  States  Department  of  Agriculture. 

6.  "Steam  Turbines."  Mr.  Charles  Garrison,  of  the  De  Laval  Steam  Turbine 
Company. 

7.  "The  Use  of  Electricity  in  Metallurgy."  Prof.  J.  W.  Richards,  of  Lehigh 
University. 

8.  ••  The  Chemical  Work  of  the  United  States  Geological  Survey."  Dr.  F.  W.  Clarke, 
Chief  Chemist,  United  States  Geological  Survey. 

9.  "  The  Action  of  Radium  and  Ultra-Violet  Light  on  Minerals  and  Precious  Stones." 
Mr.  George  F.  Kunz. 

10.  "  The  Preservative  Treatment  of  Wood."     Dr.  S.  P.  Sadtler. 

11.  "  The  Measurement  of  the  Heat  of  the  Stars."  Prof.  E.  F.  Nichols,  of  Columbia 
University. 

12.  "The  History  and  Work  of  the  Smithsonian  Institution."  Dr.  Cyrus  Adler, 
Librarian,  Smithsonian  Institution. 

13.  "The  Recent  Conflagration  in  Baltimore."     Prof.  C.  L.  Norton,  of  the  Institute. 

14.  "  Coinage  and  the  Precious  Metals."  Mr.  George  E.  Roberts,  Director  of  the 
United  States  Mint. 

15.  "Mechanical  Flight."     Mr.  J.  Emery  Harriman,  Jr. 

At  the  beginning  of  the  year  the  Associate  Membership  of  the  Society  was  three 
hundred  and  fifty-three.  Of  these  members  eight  have  resigned  and  two  have  died. 
Fourteen  Associate  Members  have  been  elected,  making  the  present  membership  three 
hundred  and  fifty-seven.  Last  year  there  were  thirty-seven  Associate  Life  Members,  two 
of  whom  have  died.  During  the  year  one  Life  Member  has  been  elected.  Four  Associate 
Members  have  become  Life  Members  in  accordance  with  the  By-Laws  of  the  Society,  which 
provides  for  the  transfer  to  the  list  of  Life  Members  of  the  names  of  Associate  Members 
who  have  paid  twenty  annual  assessments. 

The  Technology  Quarterly  has  appeared  as  usual,  and  has  contained  the  Proceed- 
ings of  the  Society  of  Arts,  together  with  a  full  complement  of  articles  contributed  by 
various  authors.  Among  these  may  be  mentioned  an  article  by  Prof.  A.  A.  Noyes,  which 
is  the  first  of  a  series  that  will  embody  a  new  system  of  qualitative  chemical  analysis.  The 
September  number  contained  an  elaborate  and  thoughtful  report  on  Engineering  Education 
from  the  pen  of  that  eminent  engineer,  Dr.  E.  L.  Corthell,  dealing  chiefly  with  the  methods 
and  facilities  for  instruction  to  be  found  in  the  engineering  schools  of  the  principal  Euro- 
pean countries.  These  are  compared  with  two  schools  of  this  country,  and  important 
conclusions  are  drawn  as  to  our  needs. 

The  Mining  Department  of  the  Institute  is  well  represented  by  a  number  of  important 
contributions,  including  three  articles  contributed  to  the  new  edition  of  the  Encyclopaedia 
Britannica,  which  we  were  able  to  reprint  by  the  kind  permission  of  the  publishers.  From 
Prof.  W.  O.  Crosby  has  been  received  a  notable  series  of  papers  on  the  local  geology  of 
Massachusetts,  containing  results  of  investigations  made  by  him  under  the  auspices  of  the 
Metropolitan  Water  and  Sewage  Board  and  the  Charles  River  Dam  Commission. 

While  several  departments  of  the  Institute  are  usually  well  represented  in  the  Quar- 
terly, there  are  others  from  which  contributions  are  rarely  received.  It  is  much  to  be 
regretted  that  the  Technology  Quarterly  cannot  reflect  more  completely  the  manifold 
scientific  activity  of  the  Institute. 

The  remarkably  small  deficit  hvthe  account  of  the  Society  of  Arts,  as  shown  in  the 
last  annual  report  of  the  Treasurer  of  the  Institute,  is  due  in  large  measure  to  the  activity 
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of  Mr.  F.  H.  Rand,  Bursar  of  the  Institute,  who  at  considerable  personal  inconvenience 
and  without  recompense  obtained  for  the  Quarterly  advertising  contracts  that  reduced 
the  net  cost  of  publication  to  a  marked  degree.  In  recognition  of  this  voluntary  service!  the 
Board  of  Publication  at  its  last  meeting  passed  a  vote  of  thanks  to  Mr.  Rand. 


George  W.  Blodgett, 
Edmund  H.  Hewins, 
Charles  T.  Main, 
James  P.  Munroe, 
A.  Lawrence  Rotch, 


►  Executive  Committee. 


The  report  of  the  Nominating  Committee  was  read,  and  the  follow- 
ing named  gentlemen  were  elected  officers  of  the  Society  for  the  year 
1904-1905.  Executive  Committee :  George  W.  Blodgett,  Edmund  H. 
Hewins,  Charles  T.  Main,  James  P.  Munroe,  and  A.  Lawrence  Rotch. 
Secretary :  Samuel  C.  Prescott.  Board  of  Publication :  W.  T.  Sedg- 
wick, Dwight  Porter,  H.  E.  Clifford,  Henry  Fay,  and  R.  P.  Bigelow. 

Mr.  J.  Emery  Harriman,  Jr.,  then  addressed  the  Society  on 
"Medhanical  Flight/ ' 

A  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 

James  F.  Norris,  Secretary. 


214  A.  A.  Noyes:  System  of  Qualitative  Analysis. 


A    SYSTEM    OF    QUALITATIVE    ANALYSIS    INCLUDING 
NEARLY  ALL    THE  METALLIC  ELEMENTS. 

By  ARTHUR  A.  NOYES. 

PART   II.  — ANALYSIS   OF   THE   TUNGSTEN   GROUP. 

Introduction. 

This  article  is  a  continuation  of  one  with  the  same  title  published  in 
the  preceding  volume  of  this  Quarterly.  The  work  upon  the  separa- 
tion and  detection  of  the  elements  whose  hydroxides  after  heating  at 
120°  are  undissolved  by  nitric  acid,  constituting  what  for  brevity  is 
here  designated  the  tungsten  group,1  has  now  been  completed ;  but  the 
method  of  procedure  is  still  subject  to  revision  as  a  result  of  informa- 
tion that  may  be  gained  in  Working  out  more  fully  the  later  groups, 
and  additional  test  analyses  covering  other  combinations  of  elements 
will  be  made  as  opportunity  occurs.  This  publication  is  therefore  to 
a  certain  extent  a  preliminary  one. 

The  plan  of  presentation  adopted  in  the  preceding  article  has  been 
adhered  to,  special  chapters  being  devoted  to  a  "  Tabular  Outline  "  of  the 
process,  to  a  "General  Discussion "  of  its  main  features;  to  the  detailed 
" Procedure . and  Notes,"  to  "Test  Analyses'/  showing  the  efficiency 
of  the  method,  and  to  "  Confirmatory  Experiments  and  References," 
substantiating  the  statements  made  in  the  notes. 

I  desire  to  state  that  during  the  first  part  of  the  work  connected 
with  this  group  Mr.  B.  E.  Schlesinger  was  associated  with  me,  and 
that  to  him  are  due  the  working  out  of  the  main  subdivisions  of  the 
group  and  the  discovery  of  the  method  of  detecting  tantalum  in  the 
presence  of  titanium.  In  the  latter  part  of  the  work,  consisting  in 
perfecting  the  scheme  and  especially  in  developing  the  means  of  de- 
tecting niobium,  tungsten,  and  tin,  I  have  been  ably  assisted  by  Mr. 
D.  P.  Smith  and  Mr.  C.  S.  Bryan,  Jr.  I  also  wish  to  express  my 
thanks  to  Mr.  F.  M.  Eaton  for  the  valuable  aid  he  has  rendered  by 
making  a  large  number  of  test  analyses  by  the  final  procedure. 

Tabular  Outline. 

An  outline  of  the  process  finally  adopted  is  given  in  the  table  on 
the  following  page.  Enclosure  in  brackets  shows  that  the  element  may 
divide  itself  between  the  precipitate  and  filtrate  at  the  point  indicated. 


1  Called  the  "  niobium  and  tungsten  groups  "  in  the  preceding  article. 

Copyright,  1904,  by  Arthur  A.  Noyes. 
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General  Discussion. 

i  .  The  residue  insoluble  in  dilute  nitric  acid  *ordinarily  contains 
all  the  tin,  tungsten,  tantalum,  and  niobium  present  in  the  substance, 
almost  all  of  the  antimony  and  titanium  when  these  are  present  in  even 
rather  small  quantities,  much  of  the  molybdenum  and  germanium  when 
the  substance  contains  a  large  quantity  of  them,  and  a  greater  or  less 
proportion  of  many  other  elements,  such  as  phosphorus,  vanadium, 
arsenic,  bismuth,  selenium,  tellurium,  copper,  iron,  zirconium,  which 
are  carried  down  with  the  first  named  elements.  (See  P.  5,  N.  1,  3, 
4,  5 .)  Aside  from  the  complications  introduced  by  the  occasional  pres- 
ence of  these  foreign  elements,  the  difficulties  involved  in  the  separa- 
tion, even  sufficiently  for  qualitative  purposes,  of  some  of  the  regular 
elements  of  the  group  —  especially  of  titanium,  niobium,  tantalum,  and 
tungsten  —  have  proved  to  be  far  greater  than  that  of  any  other  ele- 
ments excepting  the  rare-earths.  And  in  spite  of  the  existence  of  many 
analyses  purporting  to  show  the  percentage  composition  of  minerals  con- 
taining two  or  more  of  these  elements,  it  seems  very  doubtful  whether 
any  analytical  method  of  separation  has  yet  been  developed  by  which 
quantitative  results  accurate  even  within  several  per  cent,  can  be 
obtained.  The  properties  of  these  elements  are  therefore  well  worthy 
of  more  thoroughgoing  investigation  from  this  point  of  view.  The 
reader  must  not,  therefore,  be  surprised  to  find  that  the  scheme  here 
proposed  for  the  qualitative  analysis  of  this  group  is  somewhat  com- 
plicated, and  that  it  is  not  always  possible  to  detect  by  it  quantities 
as  small  as  one  or  two  milligrams  of  some  of  these  elements,  when  a 
large  quantity  of  some  other  element  is  present. 

2.  The  elements  of  this  group  are  at  the  start  present  in  hydro- 
fluoric acid  solution,  the  oxides  having  been  treated  with  this  solvent 
(P.  5)  to  remove  silica  and  to  separate  them  from,  any  undecomposed 
portion  of  the  original  substance.  As  experiments  showed  that  the 
regular  elements  of  the  group,  except  antimony  and  molybdenum,  are 
entirely  unprecipitated  by  hydrogen  sulphide  front  such  a  solution,  while 
some  of  the  foreign  elements,  bismuth,  copper,  selenium,  and  tellurium, 
are  completely  thrown  out  by  it,  it  is  thought  best  to  submit  the  solu- 
tion first  to  the  action  of  this  reagent.  By  this  operation  any  compli- 
cations that  might  arise  in  the  later  procedures  from  the  presence  of 
these  elements  are  at  once  eliminated.  A  large  part  of  the  arsenic, 
antimony,  and  molybdenum  is  also  removed,  and  this  may  be  added  to 
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the  main  nitric  acid  solution,  thereby  making  it  unnecessary  to  test  for 
these  elements  later  in  this  group.  Moreover,  this  treatment  prevents 
so  much  molybdenum  from  being  retained  with  the  titanium  in  the 
ammonium  sulphide  precipitate,  which  otherwise  is  a  rather  serious 
difficulty  when  a  very  large  quantity  of  this  element  is  present.  It 
is  probable  that  this  method,  involving  the  use  of  hydrogen  sulphide 
in  hydrofluoric  acid  solution,  can  be  advantageously  employed  also  for 
the  quantitative  separation  of  tin  and  tungsten  from  many  of  the  other 
elements  ordinarily  precipitated  by  that  reagent;  it  is  not,  however, 
possible  in  this  way  to  separate  those  elements  from  antimony,  arsenic, 
or  molybdenum,  since  these  are  not  by  any  means  completely  precipi- 
tated in  the  presence  of  hydrofluoric  acid.  The  investigation  of  such 
quantitative  methods  can  not  be  included  within  the  scope  of  this 
research ;  but  reference  will  occasionally  be  made  to  those  which  seem 
promising,  in  the  hope  that  their  study  may  be  undertaken  by  others. 

3.  The  solution  is  next  evaporated  with  sulphuric  acid  to  remove 
the  hydrofluoric  acid  and  decompose  any  fluosilicic  acid.  Sulphuric 
acid  is  used  rather  than  nitric  or  hydrochloric,  since  it  holds  in  solu- 
tion, even  after  dilution,  moderate  quantities  of  all  the  elements  of 
these  groups  except  tungsten.  Experiments  were  made  in  the  hope 
of  accomplishing  the  separation  and  detection  of  tungsten  at  this  point ; 
but,  although  when  present  alone  two  milligrams  give  rise  to  a  pre- 
cipitate when  the  diluted  sulphuric  acid  solution  is  allowed  to  stand, 
yet  in  the  presence  of  titanium  a  much  larger  quantity  remains  in 
solution. 

4.  The  method  that  naturally  suggests  itself  for  the  subdivision 
of  this  group  is  digestion  with  ammonium  sulphide  solution,  or  fusion 
with  sodium  carbonate  and  sulphur  followed  by  treatment  with  water, 
whereby  titanium,  niobium,  and  tantalum  might  be  expected  to  remain 
undissolved,  and  tin,  antimony,  arsenic,  tungsten,  and  molybdenum  to 
pass  into  solution.  This  method  is,  in  fact,  often  employed  for  the 
separation  of  titanium  from  tin  and  tungsten.  Our  experiments,  like 
those  of  some  previous  investigators,  have  shown,  however,  that  a  con- 
siderable quantity  of  tungsten  is  retained  in  the  titanium  hydroxide 
precipitate,  and  that  even  five  milligrams  of  it  may  be  removed  so 
completely  from  the  sulphide  solution  that  it  cannot  be  detected  in 
the  filtrate.  Nevertheless,  we  have  found  no  better  method  of  separa- 
tion than  this,  and  have  therefore  made  it  an  important  part  of  the 
scheme  of  analysis  for  this  group.     This  is  further  justified  by  the  fact 
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that  the  presence  of  tungsten  in  the  titanium  precipitate  is  indicated 
in  the  subsequent  procedures,  and  that  then  it  can,  to  a  large  extent, 
be  separated  from  the  titanium  by  fusion  with  sodium  carbonate  and 
sulphur,  and  be  subsequently  detected.  The  separation  of  tin  from 
titanium  by  ammonium  sulphide  seems  to  be  more  satisfactory.  Experi- 
ments on  the  method  used  by  Defacqz  for  the  separation  of  titanium 
and  tungsten,  consisting  in  fusion  of  the  oxides  with  a  mixture  of 
potassium  nitrate  and  carbonate,  did  not  give  so  satisfactory  results. 

5.  The  quantitative  separation  in  the  wet  way  of  the  three  ele- 
ments, titanium,  niobium,  and  tantalum,  present  in  the  ammonium  sul- 
phide precipitate,  is  also,  we  believe,  still  an  unsolved  problem,  and  even 
the  qualitative  detection  of  small  quantities  of  niobium  and  tantalum 
in  the  presence  of  much  titanium  presented  so  many  difficulties  that  it 
was  for  a  long  time  feared  that  the  attempt  to  accomplish  it  would 
have  to  be  abandoned.  The  method  usually  employed  for  the, separa- 
tion of  niobium  from  tantalum,  based  upon  the  different  solubilities  of 
the  potassium  fluoxyniobate  and  fluoxytantalate,  gives  satisfactory  re- 
sults; but  experiments  showed  that  this  method  of  conversion  into 
double  fluorides  was  not  available  for  the  separation  of  either  of  these 
elements  from  a  large  quantity  of  titanium,  owing  to  the  intermediate 
solubility  of  the  potassium  fluotitanate.  The  common  quantitative 
method  of  separating  titanium  from  the  other  two  elements,  by  fusing 
the  oxides  with  potassium  disulphate  and  extracting  with  cold  water 
the  titanium  sulphate  while  leaving  tantalum  and  niobium  oxides  undis- 
solved, was  found  to  be  useless,  since  fairly  large  quantities  of  these 
elements  also  pass  into  solution  when  much  titanium  is  present.  Fail- 
ure also  attended  attempts  to  separate  these  elements  by  treating  their 
dried  hydroxides  with  acidified  hydrogen  peroxide,  and  also  by  dropping 
an  acid  peroxide  solution  of  them  into  a  strongly  ammoniacal  solution 
of  hydrogen  peroxide,  according  to  the  method  used  by  Walker  for  the 
separation  of  iron  and  titanium. 

6.  It  was  fortunately  discovered,  however,  that  an  acid  solution  of 
hydrogen  peroxide  dissolves  even  large  quantities  of  the  precipitated 
hydroxides  of  niobium  and  titanium  readily,  and  nearly  completely,  at 
any  rate  upon  a  repetition  of  the  precipitation  and  treatment  with  per- 
oxide ;  but  that  tantalum  hydroxide,  whether  present  in  small  or  large 
quantity,  whether  alone  or  with  much  titanium,  remains  in  large  part 
(about  one-half)  undissolved  by  this  solvent.  It  can  therefore  be 
detected   in   the   residue  by  conversion   into   the   insoluble  potassium 
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fluoxytantalate.     The  dissolved  part  does  not,  moreover,  interfere  with 
the  tests  adopted  for  the  other  two  elements. 

7.  It  then  remained  to  devise  a  plan  for  the  detection  of  titanium 
and  niobium.  No  satisfactory  method  of  separation  could  be  found. 
It  was  proved,  indeed,  when  the  hydrogen  peroxide  was  reduced  by 
sulphurous  acid  and  the  solution  made  alkaline  by  ammonium  hydrox- 
ide, that  the  precipitated  hydroxide  of  titanium  dissolved  completely  on 
strongly  acidifying  the  solution  with  hydrochloric  acid,  while  that  of 
niobium,  when  present  alone,  remained  in  large  part  undissolved.  But 
when  much  titanium  was  present  with  the  niobium,  considerable  quan- 
tities of  the  latter  went  completely  into  solution,  so  that  the  method 
was  unsuitable. 

8.  The  attempt  to  effect  a  separation  of  the  two  elements  was 
then  given  up,  and  characteristic  reactions  which  would  show  one  in 
the  presence  of  the  other  were  sought  for.  The  yellow  color  imparted 
to  the  peroxide  solution  is  sufficiently  .characteristic  of  titanium,  as 
neither  tantalum  nor  niobium  gives  any  color  to  it.  There  seems  to 
exist,  however,  no  color  reaction  given  by  niobium  with  a  reagent  which 
does  not  affect  titanium.  The  idea  then  presented  itself  that  the  lower 
oxides,  which  are  produced  in  the  case  of  both  elements  by  the  action 
of  zinc  on  acid  solutions  of  the  ordinary  hydroxides,  might  possess 
markedly  different  reducing  powers.  This  was  found  to  be  the  case, 
for  the  lower  oxide  of  titanium  reduces  mercuric  chloride  only  very 
slowly,  while  that  of  niobium  causes  instantaneous  reduction.  Unfor- 
tunately, tungsten  and  molybdenum  show  the  same  behavior  as  niobium, 
and  they  are  apt  to  be  retained  in  the  ammonium  sulphide  precipitate ; 
but  it  was  found  possible  to  remove  them  almost  completely  by  the 
fusion  with  sodium  carbonate  and  sulphur  above  referred  to,  so  that 
error  from  this  source  may  be  avoided.  It  seems  probable  that  the 
power  of  the  lower  oxide  of  niobium  of  reducing  mercuric  chloride 
might  be  used  for  the  quantitatative  estimation  of  this  element  in  the 
presence  of  tantalum  and  titanium  perhaps  best  by  weighing  the  pre- 
cipitated murcurous  chloride. 

9.  Difficulty  was  also  met  with  in  the  isolation  of  the  tungsten 
from  the  alkaline  sulphide  solution ;  for  upon  acidification  a  large  part, 
or  if  it  is  present  in  small  quantity  almost  the  whole,  of  that  element, 
remains  in  solution,  probably  in  a  colloidal  condition.  Much  more 
tungsten  is  precipitated  if  ferric  chloride  is  added  to  the  acidified  solu- 
tion, and  the  mixture  is  shaken  and  allowed  to  stand ;    but  to  detect 
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small  quantities  of  tungsten,  it  is  even  then  necessary  to  recover  it  from 
the  filtrate,  so  that  the  use  of  ferric  chloride  is  not  ordinarily  to  be 
recommended.  The  filtrate  is  merely  evaporated,  the  residue  ignited 
and  fused  with  sodium  carbonate,  and  the  aqueous  solution  of  it  imme- 
diately tested  for  tungsten  by  acidification;  so  that  no  complications 
other  than  are  involved  in  the  performance  of  a  few  additional  operations 
are  introduced. 

10.  The  sulphide  precipitate  may  contain  tin,  antimony,  tungsten, 
molybdenum,  arsenic,  and  vanadium.  It  was  found  that  the  separation 
of  the  first  two  elements  from  any  of  the  others  (except  molybdenum) 
by  heating  with  concentrated  hydrochloric  acid  was  very  imperfect, 
owing  to  the  not  inconsiderable  solubility  of  the  moist  sulphides  of 
tungsten,  vanadium,  and  arsenic  in  that  solvent.  Fairly  large  quanti- 
ties of  tungsten  especially  went  into  solution  when  accompanied  by  a 
large  quantity  of  tin,  and  thus  escaped  detection.  On  the  other  hand, 
the  process  sometimes  used  for  the  quantitative  separation  of  tin  and 
tungsten,  which  consists  in  igniting  the  sulphides  in  a  current  of  hydro- 
gen sulphide  and  then  treating  them  with  strong  hydrochloric  acid,  was 
found  to  give  excellent  results  with  all  the  metals  concerned,  and  was 
adopted  as  part  of  the  procedure.  Incidentally  it  has  the  advantage  of 
volatilizing  any  arsenic  present,  which  might  otherwise  prevent  the  sepa- 
ration of  even  a  large  quantity  of  tungstic  acid  in  the  later  treatment 
of  the  sulphides  with  nitric  acid. 

1 1 .  The  only  other  matter  which  requires  mention  is  the  separation 
of  tungsten  and  molybdenum.  When  the  latter  element  is  absent,  or 
present  only  in  small  quantity,  tungstic  acid  alone  separates  as  a  yellow 
powder,  upon  treating  with  nitric  acid  the  sulphides  from  which  the 
antimony  and  tin  have  been  previously  extracted  with  hydrochloric  acid ; 
but  if  much  molybdenum  is  present,  even  a  considerable  quantity  of 
tungsten  remains  in  solution,  and  if  the  solution  is  evaporated  the 
molybdenum  itself  separates,  after  which  it  redissolves  in  acid  with 
great  difficulty.  Some  supplementary  method  of  separation  is  there- 
fore necessaiyr.  The  most  suitable  one  found  is  that  of  Ruegenberg 
and  Smith  as  modified  by  Hommel,  which  consists  merely  in  evapo- 
rating with  sulphuric  acid  nearly  to  the  fuming  point,  digesting  for  a 
time,  and  then  diluting,  whereby  the  tungsten  is  precipitated  and  the 
molybdenum  retained  in  solution.  The  separation  is  not  very  sharp; 
yet  as  little  as  three  milligrams  of  tungsten  always  precipitate,  while 
even  a  large  quantity  of  molybdenum  does  not  do  so. 
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Procedure  and  Notes. 

Procedure  31.  —  Dilute  the  HF  solution  (P.  6)  of  the  residue  in- 
soluble in  HNOg  with  half  its  volume  of  water,  cover  the  dish,  and 
pass  H2S  gas  into  the  cold  solution  through  a  platinum  or  lead  tube. 
[If  the  solution  becomes  dark  colored  without  yielding  a  precipitate,  add 
at  once  1  ccm.  H2S04  (1.84).]  Continue  to  pass  the  gas  till  the  solu- 
tion is  completely  saturated.  Filter  through  a  filter  supported  on  a 
platinum  ring,  collecting  the  filtrate  in  a  platinum  dish.  Heat  the 
filtrate  nearly  to  boiling,  pass  H2S  into  it  for  5  minutes,  and,  if  a  pre- 
cipitate forms  slowly,  continue  to  pass  the  gas  for  at  least  20  minutes, 
and  filter  again.     Wash  the  precipitate.     (Precipitate,  P.   32 ;   filtrate, 

P-  33-) 

Notes.  —  1.  No  precipitation,  either  cold  or  hot,  proves  the  absence  of 
antimony,  arsenic,  and  molybdenum.  An  orange  precipitate  in  the  cold 
shows  antimony ;  a  yellow  one  separating  from  the  hot  solution,  arsenic ; 
a  brownish-black  one  separating  from  the  hot  solution,  molybdenum. 

2.  From  the  HF  solution  a  large  part  of  the  antimony  and  of  the 
arsenic,  by  far  the  larger  proportion  of  the  molybdenum,  and  all  of 
the  bismuth,  copper,  selenium,  and  tellurium  are  precipitated.  Tin  and 
tungsten  are  not  precipitated  even  when  500  mgm.  are  present,  nor  is  a 
large  proportion  of  either  of  these  elements  carried  down,  even  when 
a  small  quantity  (2-4  mgm.)  is  present  together  with  a  large  quantity 
(300-500  mgm.)  of  antimony  or  molybdenum.  Small  quantities  of  lead 
(less  than  6  mgm.)  are  not  precipitated. 

3.  The  HF  should  be  cold  at  first,  and  so  dilute  as  to  contain 
not  more  than  6%  HF,  in  order  to  secure  the  separation  of  1  mgm.  of 
antimony,  which  then  occurs  even  in  the  presence  of  500  mgm.  of  tin. 
Though  this  small  quantity  of  this  element  is  precipitated,  a  large 
quantity  does  not  separate  completely.  The  H2S04  is  added,  when  the 
coloration  shows  it  to  be  necessary,  to  coagulate  MoS8,  which  may  other- 
wise remain  in  the  colloidal  state  and  separate  upon  the  subsequent 
addition  of  this  acid  as  a  gelatinous  mass,  which  is  difficult  to  filter 
and  which  carries  down  with  it  other  elements ;  the  addition  of  the  acid, 
if  not  necessary  for  this  reason,  is  undesirable,  since  it  prevents  the 
separation  of  a  quantity  of  antimony  less  than  2  mgm.  The  solution 
is  finally  heated  and  again  treated  with  H2S  in  order  to  cause  the  partial 
separation  of  even  1  mgm.  of  arsenic.  The  passing  of  the  gas  is  con- 
tinued so  as  to  precipitate  a  large  proportion  of  the  arsenic,  antimony, 
and  molybdenum,  when  these  are  present  in  considerable  quantity. 
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Procedure  32 Heat  the  H3S  precipitate  (P.  31)  with  5-10  ccm.1 

HN08  (1.20)  until  the  sulphides  are  decomposed,  adding  some  stronger 

• 

HN08  (1.42)  if  necessary.  Evaporate  the  solution  to  dryness,  add  HNOs 
(1.05),  heat,  and  filter.  (Filtrate,  P.  5 1,  uniting  it  with  the  main  solution 
from  P.  S  ;  residue,  reject.) 

Note.  —  1.  The  residue  is  treated  with  HNOg  and  the  solution  evap- 
orated, so  as  to  leave  behind  most  of  the  antimony  and  molybdenum,  the 
presence  of  which  in  large  quantity  in  the  main  solution  would  somewhat 
increase  the  difficulties  involved  in  the  subsequent  analysis  of  the  H3S 
precipitate.  The  filtrate  is  not  likely  to  contain  any  element  not  also 
present  in  the  main  HNOs  solution  (P.  5),  but  it  is  well  to  unite  the 
two  solutions  as  a  precaution. 

Procedure  33.  —  [If  it  is  not  known  from  previous  indications 
whether  any  element  of  this  group  is  present,  boil  the  filtrate  from 
the  H2S  precipitate  (P.  31)  till  the  H2S  is  expelled,  add  1  ccm.  HNOs 
(1.42),  evaporate  nearly  to  dryness,  pour  into  a  platinum  crucible,  and 
evaporate  to  complete  dryness ;  If  there  is  a  residue,  dissolve  it  in  a 
little  HF.] 

To  the  filtrate  from  the  H2S  precipitate  (P.  31)  [or  to  the  HF 
solution  of  the  residue  after  its  evaporation  as  just  described]  add  2-3 
ccm.  H2S04  (1.84),  and  evaporate  till  the  acid  fumes  strongly.  [If  the 
liquid  is  dark  colored,  add  HNOa  (1.42)  and  evaporate  again.]  Cool 
the  solution  and  pour  it  into  5  ccm.  water.  (Part  of  solution,  P.  34; 
remainder,  P.  35.) 

Notes.  —  1.  A  heavy  yellow  or  greenish-yellow  residue  proves  the 
presence  of  tungsten;  a  blue  coloration  on  the  sides  of  the  dish,  that 
of  molybdenum.     The  absence  of  these  indications  is  inconclusive. 

2.  If  Si02  was  added  to  decompose  fluorides  (P.  3),  the  original 
residue  insoluble  in  dilute  HNOs  (P.  5)  may  have  consisted  wholly  of 
this  substance,  in  which  case  it  would  be  useless  to  continue  the  analysis 
of  this  group :  hence  the  evaporation  to  dryness,  in  such  a  doubtful  case, 
to  see  whether  there  is  still  a  residue.  Any  SiOs  present  is  volatilized  as 
SiF4.  HNOs  is  added  to  avoid  volatilization  of  TiF4,  NbF6,  and  TaF6 
(P.  3,  N.  4);  and  the  solution,  when  nearly  evaporated,  is  transferred 
to  a  crucible  so  that  a  small  residue  may  be  more  certainly  detected. 
If  it  is  doubtful  whether  the  quantity  of  the  residue  is  important,  the 


1  When,  as  in  this  case,  a  variable  quantity  of  a  reagent  is  given,  it  is  to  be  understood 
that  the  quantity  used  is  to  be  proportioned  within  the  limits  indicated  to  the  amount  of 
the  precipitate  or  residue. 
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crucible  had  best  be  weighed  before  redissolving  the  residue  in  HF,  and 
afterwards  weighed  empty. 

3.  The  evaporation  with  HaS04  serves  to  expel  all  fluorine,  which 
would  prevent  complete  precipitation  of  the  hydroxides  of  tantalum, 
niobium,  and  titanium  at  the  next  stage  of  the  process,  and  attack  the 
porcelain  vessels  used  in  the  later  operations. 

4.  Moderate  quantities  of  all  the  elements  that  may  be  present  are 
held  in  solution  in  the  cold,  diluted  H2S04  except  tungsten.  This,  if 
present  alone  in  quantity  as  large  as  2-4  mgm.,  separates  upon  dilution 
as  a  white  gelatinous  precipitate,  or  if  in  large  amount  as  a  heavy  yellow 
or  greenish-yellow  powder,  even  before  the  H2S04  is  diluted.  Niobium 
and  tantalum,  when  present  in  large  quantity,  may  also  precipitate,  espe- 
cially if  the  liquid  is  allowed  to  become  hot. 

5.  If  much  molybdenum  is  present,  any  portions  of  the  substance  on 
the  sides  of  the  dish  above  the  concentrated  H2S04  solution  may  exhibit 
a  deep  blue  color;  and  the  diluted  solution  may  also  be  deep  blue, 
owing  to  partial  reduction  to  a  lower  oxide.  In  the  presence  of  much 
molybdenum,  the  H2S04  solution  may  also  be  brown  or  black,  owing  to 
the  formation  of  MoS8  after  the  solution  was  filtered ;  in  this  case  it  is 
important  to  add-  HNOs  to  reoxidize  the  molybdenum,  since  otherwise 
it  will  not  dissolve  completely  on  the  following  treatment  with  (NH4)2S. 

Procedure  34.  —  Filter  \  ccm.  of  the  H2S04  solution  (P.  33),  if 
not  clear  already,  add  it  to  5  ccm.  (NH4)2Mo04  solution,  and  heat  the 
mixture  to  6o°  or  700.  [If  a  precipitate  results  and  if  H2S  produced 
a  precipitate  in  the  HF  solution  (P.  31),  dilute  another  \  ccm.  portion 
of  the  H2S04  solution  with  3  ccm.  water,  place  it  in  a  test  tube  in  a 
steam  bath,  pass  H2S  into  it  slowly  for  20  minutes,  filtef,  boil  the  fil- 
trate till  the  H2S  is  expelled,  and  add  it  to  5  ccm.  (NH4)2Mo04  solu- 
tion.]    (Precipitate  and  solution,  reject.) 

Notes.  —  1.  No  precipitation  proves  the  absence  of  both  phosphate 
and  arsenate.  The  formation  of  a  fine  yellow  precipitate  proves  the 
presence  of  one  of  these  radicals,  and  after  the  treatment  with  H2S, 
it  proves  the  presence  of  phosphate. 

2.  Arsenic  acid,  especially  on  heating  to  boiling,  gives  a  yellow  pre- 
cipitate entirely  similar  to  that  (consisting  of  (NH4)tP04.i2Mo08)  given 
by  phosphoric  acid.  If,  therefore,  arsenic  can  be  present,  as  shown  by 
the  formation  of  a  precipitate  with  H2S  in  the  HF  solution,  it  must  be 
first  removed  as  described  in  the  bracketed  part  of  this  procedure. 

3.  To  insure  sensitiveness  in  this  phosphate  test,  it  is  necessary  that 
the  reagent  be  added  in  large  excess,  so  as  to  diminish  the  solubility 
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of  the  precipitate,  and  that  the  solution  be  warmed,  so  as  to  promote 
the  formation  of  the  complex  phosphomolybdic  acid.  Under  these  con- 
ditions o.i  mgm.  P04  is  detected. 

■ 

Procedure  35 To  the  rest  of  the  H2S04  solution  (P.   33)  add 

cautiously  NH4OH  (0.90)  till  the  solution  becomes  alkaline ;  then 
add  cautiously  5-10  ccm.  colorless  (NH4)2S,  and  digest  in  a  covered 
casserole  at  50°-6o°  for  15-30  minutes,  with  frequent  stirring.  Filter, 
using  suction  if  the  precipitate  is  large,  and  wash  thoroughly  with  hot 
water.  [If  the  precipitate  is  still  orange  colored,  return  it  to  the  cas- 
serole, heat  it  for  10-15  minutes  with  NH4OH  (0.96)  diluted  with  an 
equal  volume  of  water,  and  filter  again.]     (Precipitate,  P.  36;  filtrate, 

P.  39-) 

Notes, —  1.  No  precipitation  with  NH4OH  proves  the  absence  of  tin, 
titanium,  tantalum,  and  niobium ;  none  with  (NH4)2S  proves  the  absence 
of  the  last  three  of  these  elements.  An  orange-red  filtrate  proves  the 
presence  of  molybdenum;  a  pure  yellow  one,  its  absence.  A  brown 
filtrate  indicates  the  presence  of  vanadium. 

2.  NH4OH  precipitates  the  hydrates  of  Sn08,  TiOa,  NbaOfi,  Ta,Og, 
and  Fes08  completely.  If  present  alone,  H2W04  passes  completely  into 
solution  in  NH4OH,  and  both  it  and  H2Mo04  remain  in  solution  upon 
adding  (NH4)aS.  The  Sn04H4  dissolves  completely  upon  digesting  with 
(NH4)2S;  so  do  any  quantities  of  tungsten,  molybdenum,  or  vanadium 
that  may  be  present  with  it.  When  the  elements  that  give  rise  to  an 
(NH4)3S  precipitate  are  present,  tungsten  and  molybdenum  may  be 
carried  down  with  them  in  considerable  quantity,  and  the  latter  ele- 
ment imparts  to  the  precipitate  an  orange  or  red  color,  which  is  only 
very  slowly  removed  by  washing,  but  rapidly  by  digestion  with  NH4OH. 
(NH4)2S  converts  FeOgH,  to  black  FeS,  the  presence  of  which  often 
gives  rise  to  a  dark-colored  precipitate.  Molybdenum,  even  in  quantity 
of  1  mgm.,  imparts  an  orange-red  color  to  the  (NH4)2S  solution ;  vana- 
dium gives  a  yellowish-brown  color. 

Procedure  36 Transfer  the  precipitate  insoluble  in  NH4OH  and 

(NH4)2S  (P.  35),  with  the  filter  if  necessary,  to  a  casserole.  Pour  over 
it  a  mixture  of  5-15  ccm.  3%  H202  and  1-3  ccm.  HC1  (1.12);  heat 
till  the  H2Oa  begins  to  decompose  rapidly,  stir  for  2-3  minutes,  and 
filter  through  a  washed  filter,  using  suction  if  the  residue  is  large.  [If 
the  residue  is  large  and  the  solution  strongly  colored,  dissolve  the  resi- 
due in  HF,  and  treat  the  solution  of  it  again  by  P.  33,  35,  and  36, 


Part  II. — Analysis  of  Tungsten  Group,  Procedure  j6.         225 

omitting  only  the  addition  of  (NH4)aS.]     Wash  the  residue.     (Residue, 
P.  37;  solution,  P.  38.) 

Notes.  —  1 .  A  yellow  or  orange-red  coloration  of  the  H202  solution 
proves  the  presence  of  titanium ;  a  colorless  solution  proves  its  absence. 
A  residue  undissolved  by  H202  is  not  a  proof  of  the  presence  of  tantalum. 

2.  When  a  large  quantity  of  titanium  is  present,  a  considerable  pro- 
portion of  it  may  remain  undissolved  by  the  H202  and  HC1,  and  this 
cannot  usually  be  dissolved  by  treatment  with  a  fresh  portion  of  the 
mixture.  Since  the  presence  of  much  titanium  interferes  with  the  sub- 
sequent tantalum  test,  it  must  be  removed  by  solution  in  HF,  evapo- 
ration with  H2SO4,  precipitation  with  NH4OH,  and  retreatment  with 
HsOSl  as  directed.  Moderate  quantities  of  niobium  dissolve  completely, 
or  almost  completely,  in  the  mixture  of  H202  and  HC1.  Tantalum, 
whether  present  in  small  or  large  quantity,  divides  itself  between  the 
residue  and  solution  so  that  each  contains,  roughly,  one-half  of  it 
When  tin  and  titanium  are  both  present  in  the  substance  in  consider- 
able quantity,  the  former  element  is  retained  in  large  quantity  in  the 
(NH4)8S  precipitate,  and  a  residue  insoluble  not  only  in  H,02,  but  also 
in  strong  HF,  is  obtained.  It  may  be  brought  into  solution,  if  desired, 
by  fusion  with  Na2COg  and  S. 

3.  The  HC1  is  added  to  the  HaOa  to  promote  the  solution  of  the 
HaTiOt,  and  to  intensify  the  color  produced  by  it. 

4.  If  titanium  is  present  in  quantity  even  as  small  as  o.  1  mgm.,  the 
H202  solution  will  have  a  distinct  yellow  color.  If  present  in  quantity 
as  large  as  100  mgm.,  the  solution  will  have  a  deep  orange-red  color. 
The  production  of  this  yellow  or  orange-red  color  constitutes  the  test  for 
titanium.  When  it  is  present  alone  in  quantity  as  large  as  2  mgm.,  and 
niobium  is  absent  in  considerable  proportion,  a  confirmation  is  furnished 
later  by  the  reddish  violet  color  produced  when  zinc  is  added.  To 
determine  the  approximate  quantity  present,  the  color  may  be  compared 
with  that  given  by  dissolving  a  weighed  portion  of  pure  Ti02  in  a  little 
HF,  evaporating  with  1  ccm.  H2S04  (1.84)  to  the  fuming  point,  adding 
10  ccm.  H202,  and  diluting  measured  portions  of  this  solution  till  the 
same  color  is  obtained  as  that  of  the  solution  to  be  tested. 

5.  Vanadium  in  fairly  small  quantity  also  gives  an  orange-yellow  or 
orange-red  color  to  HsOs  solution ;  but  this  element  rarely  remains  with 
those  of  the  tungsten  group,  and  the  small  quantity  that  may  be  present 
with  them  passes  into  the  (NH4)SS  solution.  Molybdenum  gives  a 
pure  yellow  color,  but  it  is  very  much  fainter  at  the  same  concentration. 
Tungsten  gives  no  color. 

6.  The  yellow  or  red  color  of  the  titanium  solution  is  probably  due 
to  thf  formation  of  a  double  compound  Ti02..#H202. 
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Procedure  37. —  Support  the  filter  containing  the  precipitate  in- 
soluble in  H2Oa  and  HC1  (P.  36)  upon  a  platinum  ring,  and  pour 
through  it  repeatedly  a  portion  of  about  2  ccm.  48%  HF.  Add  to 
the  solution  1  ccm.  HNOg  (1.42),  and  evaporate  it  just  to  dryness. 
Dissolve  the  residue  in  1  ccm.  HF,  add  0.5  gm.  solid  K^COg,  evaporate 
the  solution  to  dryness,  and  heat  the  residue  until,  and  only  until,  it 
becomes  enamel  white.  Dissolve  it  in  2-3  ccm.  of  water,  boil  the  solu- 
tion down  to  about  0.5  ccm.,  add  0.5  ccm.  water,  and  allow  the  solution 
to  stand  for  10  minutes.  If  a  coarsely  crystalline  substance  separates, 
warm  the  liquid  slightly,  add  water  little  by  little  until  it  is  dissolved, 
and  allow  the  solution  again  to  stand  for  10  minutes.  [If  a  coarsely 
crystalline  substance  separates  in  such  large  quantity  that  more  than 
2  ccm.  water  are  required  for  its  solution,  add  1  ccm.  H2S04  (1.84), 
evaporate  the  mixture  to  the  fuming  point,  add  it  to  5  ccm.  water,  and 
treat  the  solution  by  P.  35,  36,  and  37.]  (Precipitate  and  solution, 
reject.) 

Notes,  —  1 .  A  heavy  white  or  grayish,  translucent,  viscous-seeming 
precipitate,  but  not  a  coarsely  crystalline  or  light  flocculent  one,  proves 
the  presence  of  tantalum ;  the  non-formation  of  such  a  precipitate,  its 
absence. 

2.  The  HF  solution  is  evaporated  before  adding  the  K2COs,  to  vol- 
atilize any  Si02  that  may  have  been  taken  up  from  the  dishes  and  filter 
paper  used,  for  this  may  cause  the  tantalum  to  remain  in  solution.  The 
HN08  is  added  to  prevent  any  loss  of  tantalum  by  volatilization  (see 
P.  3,  N.  4). 

3.  When  much  tantalum  is  present,  a  loose,  white,  crystalline  pre- 
cipitate of  K2TaF7  forms  when  the  K2COs  is  added;  for  10  ccm.  of  the 
saturated  solution  of  this  salt  in  water  to  which  a  very  small  quantity 
of  HF  is  added  contains  only  23  mgm.  Ta.  But,  when  it  is  present  in 
small  quantity,  it  is  necessary  to  remove  the  excess  of  HF  by  evapora- 
tion and  ignition,  and  to  boil  the  solution  of  the  residue  as  directed, 
in  order  to  convert  this  fluoride  into  the  far  less  soluble  oxyfluoride 
(2K2TaF7.Ta206).  This  oxyfluoride  separates  as  a  heavy,  white,  trans- 
lucent, viscous-seeming  powder  of  very  characteristic  appearance.  If 
the  residue  is  too  strongly  heated,  the  tantalum  separates  in  a  lighter* 
more  flocculent,  less  characteristic  form. 

4.  K2TiF6  is,  like  K2TaF7,  a  difficultly  soluble  substance,  10  ccm.  of 
its  saturated  solution  in  water  at  -20°  containing  25  mgm.  Ti ;  and  this 
may  separate  at  the  end  of  the  tantalum  test,  in  case  the  H202  failed 
to  dissolve  out  all  the  titanium.  It  is  readily  distinguished,  however, 
by  its  appearance  in  the  form  of  white,  semi-transparent,  granular  crys- 
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tals,  and  it  is  redissolved  by  gentle  warming  and  slight  dilution  of  the 
solution,  which  have  little  effect  on  the  tantalum  compound  after  it  has 
once  separated. 

5.  KaNbOF6  is  far  more  soluble  than  the  double  fluorides  of  titanium 
and  tantalum ;  thus  10  ccm.  of  a  saturated  solution  of  K^NbOF*  at 
200  contains  250  mgm.  Nb.  When  precipitated,  it  resembles  K2TiF6  in 
appearance.  The  presence  of  a  moderate  quantity  of  niobium  does  not, 
therefore,  by  its  separation,  interfere  with  the  tantalum  test;  for  even 
if  a  precipitate  is  produced  in  the  very  concentrated  solution,  it  dissolves 
'on  the  addition  of  a  little  water.  Moreover,  the  presence  of  niobium 
does  not  prevent  the  separation  of  the  2K2TaF7.Taa05. 

Procedure  38 Add  1-2  ccm.  H2S04  (1.84)  to  the  H2Oa  solution 

(P.  36)  of  the  (NH4)2S  precipitate,  and  evaporate  until  the  H2S04 
begins  to  fume  strongly.  'Cool  completely,  pour  the  solution  into 
1  ccm.  HC1  (1.12),  add  a  little  granulated  Zn,  and  let  the  action  con- 
tinue for  two  or  three  minutes,  noting  any  color  effect.  Dilute  the 
solution  with  4  ccm.  water  and  divide  it  into  two  parts.  Pour  one- 
third  of  it  through  a  column  of  finely  granulated  Zn  5  cm.  in  height, 
contained  in  a  small,  straight  drying  tube  (1— 1.5  cm.  in  diameter) 
whose  bulb  is  stuffed  tightly  with  glass-wool,  and  through  which  pre- 
viously 5-10  ccm.  HC1  (1.02)  have  been  poured,  to  make  sure  that  the 
runnings  are  perfectly  clear.  Wash  out  the  tube  with  3-5  ccm.  HC1 
(1.02).  Allow  the  solution  and  washings  to  run  directly  into  5  ccm. 
of  nearly  saturated  HgCI2  solution  to  which  0.5  ccm.  HC1  (1.12)  has 
been  added.     Note  whether  a  precipitate  forms  immediately. 

If  no  precipitate  results,  pour  also  the  remaining  two-thirds  of  the 
H2S04  solution  through  the  zinc  column  to  confirm  this  fact.  (Solu- 
tion, reject.) 

If  a  precipitate  results,  proceed  with  the  remaining  two-thirds  of 
the  H2S04  solution  as  follows :  Make  alkaline  with  NH4OH,  add 
a  sufficient  excess  to  dissolve  the  precipitated  Zn02H2  and  filter. 
(Filtrate,  reject.)  Transfer  the  precipitate,  with  the  filter  if  neces- 
sary, to  a  platinum  crucible,  heat  until  the  mass  becomes  dry  and 
the  filter  is  incinerated,  mix  the  residue  in  a  mortar  with  six  times  its 
volume  of  a  mixture  of  equal  weights  of  N&jCOg  and  S,  and  heat  the 
mixture  in  a  covered  porcelain  crucible  to  a  dull  red  heat  for  1 5  minutes. 
Cool,  and  treat  the  fused  mass  in  the  crucible  with  successive  portions 
of  hot  water  till  it  is  disintegrated.  Filter  through  a  washed  filter  and 
wash  the  residue.     (Filtrate,  P.  39,  uniting  it  with  the  filtrate  of  P.  35.) 
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Transfer  the  precipitate,  with  the  filter  if  necessary,  to  a  platinum  dish, 
and  treat  it  with  5  ccm.  48%  HF  till  it  is  dissolved,  continuing  the 
treatment  for  some  hours  if  necessary.  Add- 1-2  ccm.  H2S04  (1.84) 
and  evaporate  until  the  H2S04  begins  to  fume  strongly.  [If  the  liquid 
is  dark  colored,  add  HNOg  (1.42)  and  evaporate  again.]  Cool,  dilute 
with  5  ccm.  HC1  (1.02),  and  pour  the  mixture  through  a  zinc  column 
prepared  as  before,  collecting  the  effluent  in  HgClg  solution.  (Precipi- 
tate and  solution,  reject.) 

Notes. —  1.  A  reddish  violet  color  appearing  at  once  on  the  addition 
of  Zn  confirms  the  presence  of  titanium ;  a  blue  color  indicates  that  of 
niobium  or  tungsten.  If  there  is  no  immediate  precipitate  in  the  HgCl* 
solution,  this  proves  the  absence  of  niobium ;  an  immediate  precipitate 
obtained  in  the  first  test  shows  the  presence  of  niobium,  tungsten,  or 
molybdenum;  if  again  obtained  after  the  fusion  with  NafiCOt  and  S, 
and  if  more  than  a  mere  turbidity,  it  proves  the  presence  of  niobium. 

2.  The  solution  is  evaporated  with  HsS04  to  remove  the  HaOs.  It 
is  then  diluted  with  only  a  little  HC1  and  treated  with  a  little  Zn,  so 
as  to  make  the  color  indications  for  titanium  and  niobium  as  delicate  as 
possible. 

3.  If  titanium  is  present  alone  in  quantity  as  large  as  2  mgm.,  a  dis- 
tinct reddish  violet  color  is  produced ;  if  in  quantity  as  large  as  20  mgm., 
a  dark,  reddish  violet  color  results.  If,  however,  a  titanium  solution 
containing  HF  —  even  the  small  quantity  of  it  that  remains  after  the 
evaporation  of  such  a  solution  to  slight  fuming  with  H2S04  —  is  treated 
with  Zn,  a  green  coloration  is  produced.  If  niobium  is  present  alone 
in  quantity  as  large  as  0.5  mgm.,  a  pale  blue  color  results ;  if  in  quantity 
as  large  as  20  mgm.,  a  very  dark  blue  color  is  produced.  When  the 
reduction  becomes  complete,  as  is  the  case  after  the  solution  has  been 
poured  through  the  zinc  column,  a  dark  brown  color  is  obtained,  even 
with  a  fairly  small  quantity  of  niobium.  If  titanium  is  present  in  pre- 
dominating quantity,  the  niobium  indication  is  obscured.  Neither  tan- 
talum nor  zirconium  produces  any  coloration. 

4.  The  salts  both  of  titanium  dioxide  and  niobium  pentoxide  are 
reduced  to  a  lower  state  of  oxidation  (Ti2Ot  and  Nb2Ot,  respectively) 
by  the  nascent  hydrogen;  but  the  lower  oxide  of  niobium  alone  has 
sufficient  reducing  power  to  convert  HgCla  into  HgCl.  The  test  is 
delicate,  but  not  very  characteristic.  Neither  tantalum,  zirconium, 
titanium,  iron,  nor  tin  produces  the  same  result  under  the  conditions 
of  the  experiment;  but  titanium  in  large  quantity  may  do  so  if  the 
HgCla  solution  is  allowed  to-  stand,  even  for  15  minutes.  Tantalum  or 
zirconium  is  not  reduced  at  all  by  Zn,  and  tin  is  reduced  to  the  metallic 
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state.  Iron  is  converted  into  a  ferrous  salt,  but  this  does  not  reduce 
HgCl2.  The  lower  oxides  of  tungsten,  molybdenum,  and  vanadium 
(WOa,  Mo2Og,  and  V202)  produced  by  the  action  of  Zn  do,  however, 
cause  reduction  of  HgCl2;  moreover,  these  elements  are  retained  in 
considerable  quantity  in  the  (NH4)2S  precipitate,  when  much  titanium 
is  present.  If  a  precipitate  forms  in  the  HgCls  solution,  it  may  there- 
fore arise  from  one  of  these  elements  and  not  from  niobium ;  and  it  is 
then  necessary  to  remove  them  from  the  remaining  two-thirds  of  the 
H2S04  solution  by  fusion  with  Na2C08  and  S,  and  again  apply  the  reduc- 
tion test.  Repeated  digestion  of  the  (NH4)2S  precipitate  with  NH4OH 
and  (NH4)2S  is  much  less  effective.  Even  after  the  fusion  with  Na^COg 
and  S,  traces  of  tungsten  may  remain  in  the  titanium  residue  if  much 
tungsten  was  present  in  the  solution  treated  with  (NH4)2S ;  and  a  slight 
turbidity  (not  more  than  that  given  by  1  mgm.  Nb)  may  result  therefrom 
in  the  second  test  with  Zn  and  HgCl2.  In  such  a  case,  a  very  slight 
turbidity  must  not,  therefore,  be  regarded  as  proof  of  the  presence  of 
niobium,  but  a  considerable  one  is  conclusive  evidence  of  it.  A  quan- 
tity of  niobium  as  small  as  2  mgm.  may  be  lost  in  the  processes  con- 
nected with  the  fusion,  but  not  a  larger  quantity. 

5.  The  fusion  with  Na2CO*  and  S  is  also  necessary,  in  order  to 
make  possible  the  detection  of  small  quantities  of  tungsten,  which  are 
carried  down  almost  completely  with  the  titanium  hydroxide  when  much 
of  this  is  present.  It  is  on  this  account,  also,  that  the  aqueous  solu- 
tion of  the  fused  mass  is  united  with  the  original  (NH4)2S  filtrate. 

Procedure  39.  —  Combine  the  filtrate  from  the  (NH4)2S  precipitate 
(P.  35)  with  that  from  the  Na^COg  and  S  fusion  (P.  38).  Make  the 
solution  distinctly  acid  with  H2S04  (1.20),  shake,  and  filter,  using 
suction  if  the  precipitate  is  large.  (Precipitate,  if  its  color  is  that  of 
precipitated  sulphur,  reject;  if  not,  P.  41.  Filtrate,  if  a  sulphide  has 
been  precipitated  from  it  or  if  it  is  at  all  yellow,  or  if  it  contains  phos- 
phate, P.  40;  otherwise,  reject.) 

Note. —  1.  Molybdenum,  tin,  and  tungsten,  when  present  in  the 
H2S04  precipitate,  even  in  quantity  as  small  as  can  be  detected  by 
the  subsequent  tests  for  these  elements,  impart  either  a  dark  color  or 
a  deep  yellow  color  to  that  precipitate.  Therefore,  if  the  precipitate 
has  the  color  of  pure  sulphur,  it  is  not  necessary  to  examine  it  further. 
In  a  doubtful  case,  the  precipitate  should  be  ignited  as  described  in 
P.  41  and  the  amount  of  the  residue  estimated  or  weighed.  Molyb- 
denum is  completely  or  nearly  completely  precipitated  by  the  H2SO*, 
and  tin  is  completely  precipitated  by  it.     Tungsten,  when  present  in 
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large  quantity,  divides  itself  between  the  precipitate  and  filtrate ;  when 
present  alone  in  small  quantity  it  passes  almost  wholly  into  the  filtrate, 
to  which  even  a  quantity  of  1  mgm.  imparts  a  distinct  yellow  color. 
In  the  presence  of  the  other  elements  precipitated  as  sulphides,  a  small 
quantity  of  tungsten  may,  according  to  the  conditions,  either  be  com- 
pletely precipitated  with  them,  or  it  may  pass  entirely  into  the  filtrate, 
and  without  imparting  to  it  a  yellow  color.  If  a  precipitate  of  sulphide 
is  obtained,  it  is  therefore  necessary  to  test  the  filtrate  for  tungsten  by 
P.  40,  even  though  it  be  colorless.  In  the  presence  of  phosphate,  too, 
even  a  considerable  quantity  of  tungsten  seems  to  pass  completely  into 
the  filtrate. 

Procedure  40 If  the  filtrate  from  the  H2S04  precipitate  (P.  39) 

requires  examination  (see  P.  39),  evaporate  it  till  the  residue  becomes 
almost  dry,  transfer  the  latter  to  a  platinum  crucible,  and  ignite  as 
long  as  H2S04  fumes  are  expelled.  Add  to  the  residue  a  little  HF 
and  a  few  drops  H2S04,  and  again  evaporate  till  fuming  ceases.  Add 
to  the  residue  twice  its  volume  of  solid  N^COg,  and  heat  for  5  minutes 
over  a  powerful  burner.  Cool,  fill  the  crucible  with  water,  heat  till  the 
mass  is  dissolved,  and  filter  if  the  solution  is  not  clear.  Acidify  the 
solution  strongly  with  HN03,  and  boil.  If  no  precipitate  separates, 
evaporate  the  liquid  to  dryness,  moisten  with  HN03  (1.20),  again  evapo- 
rate to  dryness,  warm  the  residue  with  enough  HN08  (1.10)  to  dis- 
solve the  salt  present,  and  allow  time  for  any  precipitate  to  settle  out. 
Whether  a  precipitate  forms  or  not,  add  2  ccm.  H2S04  (1.84),  evaporate 
to  the  fuming  point,  dilute  with  5  ccm.  HC1  (1.02),  and  add  a  little 
granulated  Zn.     (Residue  and  solution,  reject.) 

Notes.  —  1.  The  treatment  with  HF  and  H2S04  serves  to  remove 
any  SiOa  that  may  have  been  introduced  by  the  action  of  the  alkaline 
solutions  on  the  vessels  or  in  the  fusion  with  Na2C08  and  S.  If  not 
removed,  it  would  separate  with  the  H2W04  when  the  aqueous  solution 
of  the  fused  mass  is  evaporated  with  HN08,  and  might  obscure  the  test 
for  tungsten. 

2.  When  HN08  is  added  to  an  alkaline  tungstate,  H2W04  separates 
as  a  white,  flocculent  precipitate,  which  upon  boiling  turns  yellow  and 
becomes  more  compact.  A  very  small  quantity  of  tungsten,  however* 
may  not  precipitate  in  this  way ;  but  it  is  separated  as  a  heavy  yellow 
powder,  or  as  yellow  flocks,  or  as  a  yellow  stain  on  the  sides  of  the 
dish,  when  the  solution  is  repeatedly  evaporated  with  acid. 

3.  In  case  a  distinct  yellow  precipitate  separates  from  the  HNO| 
solution,  the  evaporation  with  H2S04  and  the  addition  of  Zn,  whereby 
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a  deep  blue  coloration  and  precipitate  are  produced  if  tungsten  is  present, 
serves  only  as  an  (almost  superfluous)  confirmation  of  the  presence  of 
that  element.  If,  however,  phosphate  is  present,  and  there  is  no  yellow 
precipitate,  the  reduction  test  with  Zn  is  essential,  since  HaW04  does 
not  separate  from  a  solution  containing  a  corresponding  amount  of  this 
acid  radical.  Even  a  large  quantity  of  phosphate  does  not,  however, 
prevent  the  production  of  a  strong  blue  color  with  one  milligram  of 
tungsten. 

Procedure  41 If   it  is  large   enough  in   quantity,  separate  the 

H2S04  precipitate  (P.  39)  from  the  filter,  and  transfer  it  to  a  porce- 
lain crucible.  If  small  in  quantity,  pour  a  portion  of  2-3  ccm.  (NH4)2S 
repeatedly  through  the  filter  till  the  precipitate  is  dissolved,  collect  the 
solution  in  a  porcelain  crucible,  and  evaporate  it  to  dryness.  Provide 
the  crucible  with  a  perforated  porcelain  cover  through  which  passes 
a  porcelain  tube.  Pass  through  the  tube  into  the  crucible  a  slow 
current  of  H2S  gas,  and  heat  the  crucible  (preferably  within  a  cylin- 
drical jacket  with  open  ends,  if  the  precipitate  is  large)  first  gently, 
then  more  strongly,  and  finally,  for  5-30  minutes,  or  until  the  whole 
mass  becomes  black,  to  the  highest  temperature  attainable  with  a 
powerful  burner.  Allow  the  crucible  to  cool  with  the  H2S  gas  still 
passing  through  it.  Rub  its  contents  to  a  powder,  and  transfer  them 
to  a  small  Erlenmeyer  flask.  Pour  into  the  crucible,  if  some  of  the 
substance  is  adhering  to  it,  2-3  ccm.  HC1  (1.20),  warm,  and  pour 
the  solution,  together  with  5-10  ccm.  more  HC1  (1.20),  into  the  flask. 
Cover  the  flask  and  boil  the  liquid  gently  as  long  as  the  vapors  con- 
tinue to  blacken  filter-paper  wet  with  a  NaOH  solution  of  Pb(C2H802)2, 
replacing  the  acid  which  evaporates.  Dilute  the  solution  with  its  own 
volume  of  water,  filter,  and  wash  the  residue.  (Residue,  P.  43 ;  solu- 
tion, P.  42.) 

Note. —  1.  Precipitated  WS8  and  VaS6  are  sufficiently  soluble  in  hot 
strong  HCi  to  make  their  separation  from  SnSa  and  Sb2S6  by  this  sol- 
vent impracticable.  By  ignition  in  an  atmosphere  of  H2S,  however, 
they  are  converted  into  WSa  and  VSa,  which  are  entirely  insoluble  in 
boiling  HCI  (1.20).  The  ignition  also  serves  to  volatilize  any  AsaS» 
present,  which  otherwise  would  prevent  the  precipitation  of  HaW04  in 
the  subsequent  test  for  tungsten.  By  the  ignition  SnSa  and  SbaS6  are 
converted  into  black  SnS  and  Sb2S8  respectively,  which  dissolve  readily 
in  HCI  (1.20).  If  the  ignition  is  not  prolonged  or  intense  enough,  the 
hydrated   SnSa  is  converted  only  into  "mosaic  gold"  (SnSa),  consist- 
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ing  of  golden  yellow  scales  with  metallic  lustre ;  and  this  is  only  very 
slowly  dissolved  by  the  hot  acid.  The  ignition  must  therefore  be  con- 
tinued till  the  entire  mass  becomes  black.  Both  MoSs  and  the  MoS* 
into  which  it  is  converted  by  ignition  are  entirely  unattacked  by  boil- 
ing hydrochloric  acid.  The  H2S  prevents  the  conversion  of  the  sul- 
phides into  oxides,  which  occurs  if  air  has  access  to  them  at  a  high 
temperature. 

Procedure  42.  —  Evaporate  the  HC1  solution  (P.  28)  to  a  volume 
of  2-3  ccm.,  and  add  an  equal  volume  of  water  and  about  0.5  gm.  finely 
granulated  Zn.  Allow  the  action  to  continue  for  10  minutes.  Decant 
the  solution  completely  from  the  residue,  allow  any  suspended  particles 
to  settle  out  from  the  liquid,  and  decant  again.  (Solution,  reject.)  Add 
to  the  united  residues  2-4  ccm.  HC1  (1.20),  heat  gently  till  the  Zn  has 
all  dissolved,  and  then  just  to  boiling  unless  the  residue  has  previously 
disappeared,  add  half  a  volume  of  water,  and  pour  the  solution  through 
a  small  filter  into  5  ccm.  nearly  saturated  HgCl^  solution.  (Residue, 
precipitate,  and  solution,  reject.) 

Notts.  —  1.  If  tin  seems  to  be  present  in  considerable  quantity 
(10  mgm.  or  more),  it  may  advantageously  be  tested  for  more  simply 
by  adding  a  portion  of  the  HC1  solution  of  the  ignited  sulphide,  imme- 
diately after  the  HfiS  is  completely  boiled  out,  to  HgCl8  solution ;  and 
in  case  a  precipitate  results,  the  treatment  with  Zn  may  be  dispensed 
with ;  for  after  the  ignition  the  tin  is  in  the  stannous  state,  and  no  other 
element  can  be  present  which  reduces  HgCl2,  since  ignited  WS„  MoS* 
and  VSa  are  entirely  insoluble  in  HO,  and  since  SbCl8  does  not  cause 
reduction.  In  case,  however,  only  a  small  quantity  of  tin  (5  mgm.  or 
less)  is  present,  it  may  become  completely  oxidized  during  the  boiling 
of  the  HC1  solution.  In  order  that  the  tin  test  may  be  delicate,  it  is 
therefore  necessary  to  follow  the  procedure  and  observe  the  precautions 
above  indicated  —  especially  to  allow  time  for  the  complete  reduction 
of  the  tin  salt  by  the  Zn,  to  secure  solution  of  the  tin  by  heating  suffi- 
ciently with  strong  HC1,  and  to  prevent  oxidation  of  the  stannous  salt 
by  carrying  out  rapidly  the  last  steps  in  the  process.  By  observing 
these  precautions  one  milligram  of  tin  is  readily  detected. 

2.  It  is  not  necessary  to  test  for  antimony  at  this  point,  since  it 
would  have  been  precipitated  in  large  part  by  H2S  in  the  first  pro- 
cedure of  this  group,  and  would  pass,  partly  through  that  precipitation 
and  partly  directly,  into  the  main  HN08  solution. 

Procedure  43 Heat  the  residue  insoluble  in  HC1  (P.  41)  in  a 

covered  vessel  on  a  steam  bath  with  2-8  ccm.  HN08  (1.42)  and  1-2 
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ccm.  HC1  (1.20)  until  it  all  dissolves,  with  the  exception  of  a  few  black 
particles,  or  becomes  pure  yellow.  If  there  is  a  residue,  add  an  equal 
volume  of  water,  allow  the  residue  to  settle,  and  decant  the  liquid 
through  a  filter.  To  the  filtrate,  or  to  the  unfiltered  solution  if  there 
was  no  residue,  add  2-3  ccm.  H2S04  (1.84),  evaporate  till  this  acid 
fumes  slightly,  keep  at  that  temperature  for  3-5  minutes,  cool,  add 
5  ccm.  water,  allow  the  residue  to  settle,  and  decant  the  solution 
through  a  filter.     (Residues,  P.  44;  solution,  P.  45.) 

Notes. —  1.  Even  100  mgm.  of  ignited  MoS8  are  completely  dissolved 
by  10  ccm.  of  the  mixture  of  HNO,  and  HC1 ;  and  as  a  larger  quantity 
cannot  be  present  in  this  precipitate,  there  is  no  danger  of  its  interfering 
with  the  tungsten  test,  provided  the  acid  used  is  not  evaporated  off. 
If,  however,  the  acid  solution  is  allowed  to  concentrate,  Mo08  may 
separate  as  a  white  or  light  yellow  powder,  which  will  redissolve  only 
in  a  very  large  quantity  of  HNO*  If  this  seems  to  have  occurred,  the 
residue  should  not  be  separated  from  the  solution  till  after  the  evapo- 
.  ration  with  the  HsS04.  Black  particles  of  carbon  are  usually  left 
undissolved  by  the  HN08  and  HC1. 

2.  Even  a  small  quantity  (1-2  mgm.)  of  tungsten,  when  present  alone 
at  this  point,  is  readily  detected  by  its  separation  as  a  yellow  residue 
from  the  HNOs  and  HC1  solution;  but  when  much  molybdenum  (100 
mgm.)  is  also  present,  a  considerable  quantity  of  tungsten  (at  least 
4  mgm.)  remains  in  solution.  After  the  heating  with  the  H3S04,  how- 
ever, a  quantity  even  as  small  as  z  mgm.  always  separates  as  a  yellow, 
compact  powder. 

3.  If  no  yellow  residue  is  obtained  here  or  from  the  filtrate  from 
the  H2S04  precipitate  (P.  40),  it  does  not  show  the  absence  of  tungsten 
in  the  substance,  since  it  may  have  passed  entirely  into  the  main  HN08 
solution  (P.  6),  as  mentioned  in  P.  5,  N,  1. 

Procedure  44.  —  Add  to  the  residues  insoluble  in  HNOg  and 
H2S04  (P.  43)  2-3  ccm.  HC1  (1,12),  evaporate  to  dryness,  add 
2  ccm.  HC1  (1. 1 2)  and  a  few  granules  of  Zn. 

Note.  —  1.  The  evaporation  with  HC1  removes  the  HN08  adhering 
to  the  residue.  Even  in  the  presence  of  0.5  mgm.  W,  a  distinct  blue 
coloration  results,  while  with  a  somewhat  larger  quantity  the  mixture 
assumes  a  dark  blue  color  of  great  intensity.  This  color  is  due  to  a 
suspended  precipitate,  which  soon  coagulates,  consisting  of  a  hydrated 
oxide  intermediate  between  WOa  and  W02.  Molybdenum  when  present 
in  strong  HC1  solution,  such  as  is  directed  to  be  used  in  this  test, 
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does  not  give  a  blue  color  with  Zn,  but  there  results  a  series  of 
colors,  —  yellow,  dark  orange,  dark  green,  and,  finally,  dark  olive 
brown.  In  dilute  HC1  solution,  however,  molybdenum,  even  in  mod- 
erate quantity,  gives  rise  at  once  to  a  deep  blue  coloration  of  the 
solution. 

Procedure  45.  —  Add  to  the  H2S04  solution  (P.  43)  of  the  ignited 
sulphides  1-2  ccm.  iojfc  KSCN  solution  and  some  granulated  Zn. 

Note.  —  1 .  A  red  coloration  which  appears  on  the  addition  of  the 
£n  shows  the  presence  of  molybdenum.  Iron,  if  present  as  impurity, 
will  give  a  red  color  with  the  KSCN  alone,  but  this  disappears  almost 
immediately  on  the  addition  of  the  Zn.  A  negative  result  is  of  no 
significance,  since  molybdenum  may  have  passed  entirely  into  the 
main  HNOs  Solution. 

Test  Analyses. 

At  different  stages  in  the  development  of  the  process  above  de- 
scribed, numerous  analyses  were  made  to  test  its  efficiency.  Nearly 
all  of  those  which  were  made  after  integral  parts  of  the  procedure 
assumed  final  form  are  reproduced  in  the  tables  below.  In  these 
tables  the  numbers  in  each  vertical  column  show  the  weights  in  mil- 
ligrams of  the  various  elements  which  the  solution  submitted  to  analy- 
sis contained.  The  results  of.  the  tests  for  each  element  are  shown 
by  the  letters  following  these  numbers.  That  the  result  was  satis- 
factory is  indicated  by  the  letter  S  —  that  is,  when  the  element  was 
present,  that  the  test  for  it,  however  small,  was  unmistakable  and 
therefore  conclusive;  and  when  the  element  was  absent,  that  a  good 
blank  test  was  obtained.  When  the  test  was  very  small  in  compari- 
son to  the  quantity  of  the  element  present,  though  still  unmistakable, 
or  when  in  its  absence  (especially  in  the  niobium  and  tantalum  tests) 
there  was  obtained  not  a  perfect  blank,  but  yet  one  good  enough  to 
warrant  the  conclusion  that  less  than  one  milligram  is  present,  this 
is  sometimes  indicated  by  the  symbol  S  — .  When  in  the  presence 
of  the  element  the  test  failed,  or  in  its  absence  a  result  was  obtained 
that  might  be  thought  to  indicate  its  presence,  the  letter  F  is  used. 
When  the  result  was  doubtful  or  inconclusive,  owing,  for  example,  to 
the  test  being  obscured  by  some  other  element,  this  is  indicated  by 
the  letter  D.  When  the  test  was  not  tried,  if  the  element  was  pres- 
ent, a  dash  is  used  in  place  of  a  letter,  or,  if  the  element  was  not 
present,  the  whole  space  is  left  blank. 
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The  first  series  of  twenty-three  analyses  were  made  by  Mr.  D.  P. 
Smith  at  a  time  when  the  procedure  through  the  analysis  of  the 
titanium,  tantalum,  and  niobium  hydroxide  precipitate  was  in  nearly 
its  final  form,  but  when  the  tin  and  tungsten  were  still  being  sepa- 
rated by  heating  the  moist,  precipitated  sulphides  with  strong  hydro- 
chloric acid.  Therefore,  owing  to  the  solubility  of  tungsten  sulphide 
under  these  conditions  (see  G.  D.,  §  10),  the  failures  to  detect  tung- 
sten in  the  presence  of  much  tin  in  these  analyses  do  not  show  a 
defect  in  the  final  procedure.  In  all  of  the  analyses  of  this  series, 
before  testing  for  tungsten,  the  sodium  carbonate  solution  (P.  40) 
obtained  from  the  filtrate  from  the  sulphuric  acid  precipitate  was 
united  with  an  ammonia  solution  of  the  residue  left  upon  treating 
the  sulphides  with  nitric  acid  (P.  43),  and  the  mixed  solutions  were 
then  evaporated  with  nitric  acid  to  separate  the  yellow  tungstic  acid. 
The  results  given  for  the  niobium  tests  are  always  those  obtained  in 
the  second  test  with  mercuric  chloride  after  the  fusion  with  sodium 
carbonate  and  sulphur,  when  a  precipitate  obtained  in  the  first  test 
made  this  fusion  necessary. 

A  second  series  of  analyses  (Nos.  24-29)  were  made  by  Mr.  F.  M. 
Eaton,  who  had  had  no  previous  experience  in  connection  with  this 
process  and  who  was  given  no  information  in  regard  to  it  other  than 
that  contained  in  a  copy  of  the  "Procedure  and  Notes."  The  pro- 
cedure was  then  in  final  form,  except  that  the  hydrochloric  acid  solu- 
tion of  the  ignited  sulphides  was  tested  for  tin  by  adding  it  directly 
to  mercuric  chloride,  instead  of  first  reducing  it  with  zinc,  which 
accounts  for  the  repeated  failures  to  detect  small  quantities  of  tin 
(see  P.  42,  N.  1).  The  results  with  niobium  were  those  obtained  in 
the  second  mercuric  chloride  test  after  the  fusion  with  sodium  car- 
bonate and  sulphur,  except  where  otherwise  indicated  by  footnotes. 
The  sulphuric  acid  precipitate  and  the  filtrate  from  it  were  separately 
tested  for  tungsten. 

The  third  series  of  analyses  (Nos.  30-39)  were  made  according  to 
the  final  procedure  in  every  respect,  in  part  by  Mr.  D.  P.  Smith  and 
in  part  by  Mr.  F.  M.  Eaton,  as  indicated  by  the  initials  at  the  head  of 
the  columns.  As  a  matter  of  information,  the  results  of  both  the  first 
and  second  mercuric  chloride  tests  for  niobium  are  recorded,  but  it  is 
only  the  second  one  that  is  really  significant  of  the  presence  or  absence 
of  that  element,  except  when  the  first  test  gives  a  negative  result. 
The  results  of  testing  for  tungsten  both  the  sulphuric  acid  precipitate 
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(by  P.  41  and  43)  and  the  filtrate  from  it  (by  P.  40)  are  also  shown, 
but  the  detection  of  it  in  either  place  is,  of  course,  a  satisfactory  result. 
In  those  analyses  to  the  numbers  of  which  a  star  is  attached  the 
contents  of  the  mixture  were  unknown  to  the  analyst  in  advance. 
Such  unknown  mixtures  were  not  analyzed  in  greater  number,  because 
to  a  person  having  any  experience  with  the  process  the  interpretation  of 
the  tests  is  scarcely  ever  doubtful;  and  as  long  as  the  procedure  is 
in  process  of  development,  it  is  advantageous  that  the  analyst  know 
immediately  of  failures  to  secure  the  right  result. 

The  fourth  series  of  analyses  (Nos.  40-46)  were  also  made  after 
the  procedure  was  fully  developed,  but  they  have  reference  only  to  the 
detection  of  tin,  tungsten,  molybdenum,  and  phosphate  in  the  presence 
of  one  another. 


First  Series. 


T.  A.  No. 


Analysis  begun  at 


Ta 
Ti 

Nb 
Sn 
W 


l1 

2 

3 

4 

5 

6 

7 

P.  3 

P.  3 

P.  3 

P.  33 

P.  33 

P.  33 

P.  33 

0  s 

500  S 

0  S 

1  F 
1  F 

0  S 
100  s 

0  s 

1  s 

2  S 

2  F 
300  S 

1  F 
300  S 

2  S 
300  S 

•    •   • 

3  S 
300  S 

2  S 
300  S 

•   •   • 
300  S 
5  F 

•    •    • 

300  S 
0  S— 

■   •   • 
300  S 

•  •    • 

300  S 
0  S 

•  •   • 
5  S 

8 


P.  33 


2    S 
300  S 


0  S— 


2   S 


300  S 


T.  A.  No. 

9 

10 

11 

12 

13 

14 

15 

16 

Analysis  begun  at 

P.  33 

P.  33 

P.  33 

P.  33 

P.  33 

P.  33 

P.  33 

P.  5 

Ta 

0D« 

2  S 

0  S— 2 

•    •    • 

2  S 

100    S 

2    S 

2  S 

Ti 

800  S 

3  S 

300  S 

200  S 

300  S 

2  S 

•    •    • 

2  S 

Nb 

2  F 

0  S 

5  S 

2  S» 

•   •    • 

2  S* 

100  s 

0  F« 

Sn 

300  S 
2  F 

300  S 
300  S 

300  S 
5  F 

w 

3  F* 

Mo 

500  S 
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First  Series  —  Continued. 


T.  A.  No. 

17 

18 

19 

20 

21 

22 

23 

Analysis  begun  at 

P.  31 

P.  33 

P.  33 

P.  33 

P.  33 

P.  33 

P.  33 

Ta 

Ti 

Nb 

Sn 

300  S 
0  S 

5  S 

•   •   • 
300  S 

•    •    • 

5  S 

300  S 

5   S 

300  S 

300  S 
5  F 

800  S 
5  S 

800  S 

•   ■   • 

W 

10  s 

Mo 

300  S 

* 

1 

Second  Series. 


T.  A.  No. 

24 

25 

26 

27 

28 

20 

Analysis  begun  at 

'  P.  31 

P.  31 

P.  31 

P.  31 

P.  31 

P.  33 

Sb 

3  S 
3  S 
3  S 
3  S 
3  F 
3  F 

2  S 
2  S 

1  S 

2  F 
2  F 

300  S 
•   ■   • 

1   S 
1   S 
1   S 
1    S— 8 

1  F 
1  F 

•       •       • 

8  S 
3  S 
3  S 
3  S 
3  S 
3  S« 

*      •      • 

•    •    • 

0  s 

2  S 
2  F» 
2  F 
2  F 
300  S 

Ta 

2  S 

Ti 

300  S 

Nb 

0  S7 

Sn 

2  F 

W 

2  F 

Mo 
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Third  Series. 


T.  A.  No. 

30* 

31  • 

32* 

33* 

• 

34 

Analyst. 

D.  P.  S. 

F.  M.  E. 

F.  M.  E. 

F.  M.  E. 

D.  P.  S. 

Analysis  begun  at 

P.  31 

P.  31 

P.  33 

P.  31 

P.  31 

Sb 

0  S 

400  S 

•        •        • 

0  S 

.      •       a 

As 

2  S 

•    .    . 

•        •        • 

2  — 

.       a       • 

Ta 

0  F 

2  S 

S 

0  D» 
2  S 
S 

2  S— u 
400  S 
F 

2  S 

400  S 

F 

0  s 

Ti 

2  S 

First  test  .    . 

S 

Nb  « 

2 

2 

0 

0 

0 

Second  test  . 

— 

S 

S 

S 

— 

Sn  .    .    . 

400  S 
F 

2  F 
F 

2  F 

S 

4  F 
S— 

2  F 

r  p.  40  ...  . 

S 

w  J 

2 

2 

4 

400 

4 

[  P.  43  ...   . 

— 

F 

S — 

S 

F 

•       •       • 

0  S 

2  S 

2  S 

400  S 

T.  A.  No. 

36 

36 

37* 

38 

» 

39 

Analyst. 

D.  P.  S. 

D.  P.  S. 

F.  M.  E. 

D.  P.  S. 

D.  P.  S.     . 

Analysis  begun  at 

P.  31 

P.  31 

P.  31 

P.  31 

P.  36 

■        •        • 

400  S 

•        •        • 

•        •        • 

a       •       • 

As 

*        •        • 

a       .       . 

•        •        • 

'     100  S 

.       •       • 

Ta 

0  Da 

2  S 

2  S 

0  s 

a       •       • 

Ti 

400  S 

2  S 

2  S 

2  S 

400  S 

f  First  test  0   . 

F 

S 

S 

S 

F 

Nb  J 

0 

2 

2 

0 

0 

[  Second  test  . 

F* 

F 

F 

S 

4  F 

4  S 

4  F 

400  S 

•       a       a 

r  p.  40  ...  . 

F 

S 

F 

pis 

a      a      c 

4 

4 

4 

4 

a      .      » 

1  P.  48  ...   • 

F 

F 

S— 

F 

a      a      a 

400  S 
• 

2  S 
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Fourth  Series. 
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1This  mixture  also  contained  1  mgm.  Sb  and  1  mgm.  Mo.  and  these  were  detected  in  the  H3S  precipitate. 

*  A  small  precipitate  (very  slight  in  T.  A.  ll)was  obtained,  owing  to  a  little  tantalum  in  the  titanium  used. 
To  show  the  presence  of  this  tmpuriiy,  400  mgm.  Ti  were  alone  put  through  P.  33, 35,  and  36 ;  a  precipitate  corre- 
sponding to  that  given  by  2  mgm.  Ta  was  obtained. 

'This  was  the  result  even  after  the  fusion  with  NajCO„  and  S,  which  was  made  to  see  whether  it  would 
result  in  loss  of  the  niobium. 

*  In  this  analysis  the  (NH4)jS  precipitate  was  not  redigested  with  NH4OH,  as  directed  in  P.  35,  when  much 
molybdenum  is  present. 

*  H,S04  was  not  used,  as  directed  in  P.  43,  to  cause  the  tungsten  to  separate. 
6  Tungsten  was  detected  only  in  the  filtrate. 

1  Fusion  with  NajCOs  and  S  was  omitted,  since  no  precipitate  formed  in  first  HgClj  test. 

8  Fusion  with  Na*COs  and  S  was  omitted,  since  the  precipitate  in  first  HgCls  test  was  too  slight. 

*  There  was  a  very  slight  turbidity  in  the  first  HgCIs  test. 

10  A  light,  flocculent  precipitate  separated  on  standing. 

11 A  light,  flocculent  precipitate  first  separated ;  but  upon  repeating  the  treatment  of  P.  36,  it  assumed  the 
characteristic  appearance  of  the  tantalum  precipitate. 

13  The  reduction  test  with  Zn  at  end  of  P.  40  was  not  tried,  which  may  have  been  necessary,  since  the  arsenic, 
if  present  in  this  solution,  would  have  prevented  the  separation  of  tungstic  acid. 

13  No  yellow  H,W04  separated,  but  a  decided  blue  coloration  was  obtained  with  Zn. 


In  order  to  summarize  the  results  of  these  analyses,  and  form 
thereby  a  judgment  in  regard  to  the  efficiency  of  the  procedure,  each 
element  will  be  considered  separately. 

Tantalum.  —  This  element  was  present  in  quantity  of  2  mgm.  in 
fourteen  of  the  mixtures  analyzed,  of  3  mgm.  in  two  of  them,  and  of 
1  mgm.  in  one  of  them.  A  satisfactory  test  for  it  was  obtained  in  every 
case,  except  one  (T.  A.  3)  in  which  300  mgm.  of  titanium  and  300  mgm. 
of  tin  were  simultaneously  present,  and  it  was  found,  even  in  this  mix- 
ture, in  a  second  analysis  (T.  A.  5).  Its  detection  succeeded  repeatedly 
in  the  presence  of  300  mgm.  of  titanium,  or  in  that  of  300  mgm.  tung- 
sten, or  in  that  of  300  mgm.  tin.  It  succeeded  also  in  the  cases  where 
400-500  mgm.  molybdenum  (T.  A.  16,  37),  or  100  mgm.  niobium 
(T.  A.  15),  or  400  mgm.  antimony  (T.  A.  36)  were  present.  Two 
milligrams  can  therefore  always  be  detected. 
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The  "blank"  tests  for  tantalum  (that  is,  those  in  the  absence  of 
this  element)  were  somewhat  inconclusive  in  those  mixtures  containing 
much  titanium  (T.  A.  9,  1 1,  32,  35),  owing  to  the  presence  of  a  minute 
quantity  of  tantalum  in  the  titanium  sample  used ;  but  the  precipitates 
were  always  very  small  (1-2  mgm.),  and  there  is  little  doubt  that  with 
pure  material  perfect  blanks  would  be  obtained.  In  two  cases  (T.  A. 
31,  32),  also,  a  light,  flocculent  precipitate  separated  in  place  of  the 
heavy,  viscous  one  characteristic  of  tantalum.  Good  blanks  were 
obtained  in  the  other  cases  (T.  A.  2,  28,  34,  38).  While  a  further 
study  of  the  blanks  obtaining  in  testing  for  this  element  according  to 
the  procedure  is  desirable,  especially  since  no  good  confirmatory  tc:t 
for  it  is  known,  yet  it  is  hardly  possible  that  error  will  be  made,  even 
with  respect  to  small  quantities,  by  any  one  who  first  makes  himself 
familiar  with  the  appearance  of  the  potassium  fluoxytantalate  and 
fluotitanite. 

Niobium.  —  There  would  be  no  difficulty  whatever  in  detecting 
2  mgm.,  or  even  less,  of  this  element,  provided  the  first  test  with 
mercuric  chloride  could  be  relied  upon ;  but,  owing  to  the  possible 
presence  of  tungsten  or  molybdenum,  it  is  ordinarily  necessary  to 
fuse  with  sodium  carbonate  and  sulphur,  and  then  apply  a  second 
test.  The  results  show  that  under  these  circumstances  2  mgm.  is 
near  the  limit  of  detection.  This  quantity  was  present  in  nine  of 
the  mixtures  analyzed ;  and  the  second  test  failed  in  five,  and  suc- 
ceeded in  three  of  them  (it  being  omitted  in  one  case).  Three  milli- 
grams were  present  in  two  mixtures  and  5  mgm.  in  two  others,  and 
in  all  of  these  the  test  was  satisfactory.  It  succeeded  with  2  mgm. 
in  the  presence  of  400  mgm.  of  antimony  (T.  A.  31),  or  of  200  mgm. 
of  titanium  (T.  A.  12),  or  of  100  mgm.  tantalum  (T.  A.  14),  and 
with  s  mgm.  in  the  presence  of  300  mgm.  of  tin  (T.  A.  11,  19).  —  It 
seems  safe  to  conclude  that  3  mgm.  can  be  detected  under  almost 
any  conditions. 

The  question  of  blank  tests  for  this  element  in  the  presence  of 
much  titanium,  tungsten,  or  molybdenum  is  an  especially  important 
one,  and  many  mixtures  were  prepared  and  analyzed  with  reference 
to  it.  A  perfectly  clear  solution,  or  a  slighter  turbidity  than  would 
have  resulted  from  1  mgm.  of  niobium,  was  obtained  in  the  second 
mercuric  chloride  test  from  nine  mixtures  containing  300-500  mgm. 
of  titanium.  In  three  of  these  mixtures  300-400  mgm.  and  in  two 
of  them  4-5  mgm.  tungsten  were  simultaneously  present.     The  result, 
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too,  was  satisfactory  in  the  four  cases  where  tungsten  was  present 
with  only  a  small  quantity  of  titanium.  This  was  also  true  where 
the  mixtures  contained  much  tin,  either  with  or  without  much  tung- 
sten. In  two  of  .the  five  mixtures  (T.  A.  16,  35)  in  which 
300-500  mgm.  of  molybdenum  were  present,  the  second  mercuric 
chloride  test  showed  a  decided  turbidity,  while  in  the  other  three 
(T.  A.  17,  31,  39)  a  good  blank  was  obtained;  but  in  all  these  analy- 
ses except  the  last  (T.  A.  39)  the  ammonium  sulphide  precipitate  was 
not  redigested  with  ammonia  —  a  precaution  that  was  adopted  only 
near  the  end  of  the  work.  —  The  results  of  the  blank  tests  for  niobium 
may  therefore  be  considered  satisfactory  under  all  circumstances,  pro- 
vided regard  is  paid  to  all  the  precautions  described  in  the  procedure. 

Titanium.  —  The  results  for  this  element  require  little  discussion. 
The  yellow  or  orange-red  color  produced  with  hydrogen  peroxide  con- 
stitutes so  delicate  a  test  that  in  every  mixture  containing  1  or  2  mgm. 
of  it,  it  was  conclusively  detected.  The  test  is  so§  characteristic  that 
blank  tests  were  considered  unnecessary,  especially  since  its  presence 
is  ordinarily  confirmed  by  the  reddish-violet  color  produced  with  zinc. 

Tin.  —  The  only  analyses  in  which  the  final  procedure  for  the 
separation  and  detection  of  tin  was  employed  are  those  of  the  third 
and  fourth  series;  but  Test  Analyses  1,  2,  and  8  also  deserve  consid- 
eration, since  the  omission  of  the  ignition  of  the  sulphide  could 
hardly  affect  the  tin  test.  The  results  show  that  2  mgm.  escape 
detection  when  400  mgm.  of  either  titanium  (T.  A.  32),  antimony 
(T.  A.  31),  or  molybdenum  (T.  A.  34)  are  present,  and  that  this  is 
true  of  even  4  mgm.  in  the  presence  of  400  mgm.  of  molybdenum 
(T.  A.  37),  or  in  the  simultaneous  presence  of  400  mgm.  of  titanium 
and  an  equal  quantity  of  molybdenum  (T.  A.  35)  or  tungsten 
(T.  A.  33).  On  the  other  hand,  the  test  succeeded  with  4  mgm.  of 
tin  in  presence  of  400  mgm.  of  antimony  (T.  A.  36),  with  8  mgm. 
of  tin  in  the  presence  of  400  mgm.  of  molybdenum  (T.  A.  44),  and 
with  1  mgm.  of  tin  in  the  presence  of  300  mgm.  of  tungsten  (T.  A.  42)  or 
of  100  mgm.  of  titanium  (T.  A.  2).  It  seems  therefore  fair  to  set  the 
limit  of  detection  at  3  mgm.  in  the  presence  of  much  antimony  or 
titanium,  at  6  mgm.  in  that  of  much  molybdenum,  and  at  1  mgm.  in 
that  of  much  tungsten. 

Blank  analyses  were  considered  unnecessary,  since  experiments 
(see  C.  E.,  P.  41,  N.  1)  showed  the  complete  insolubility  in  hot 
hydrochloric  acid  of  the  ignited  sulphides  of  the  other  elements 
which  reduce  mercuric  chloride. 
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Tungsten.  —  In  the  case  of  this  element,  all  analyses  except  those 
of  the  first  series  were  made  by  the  final  procedure.  The  analyses  of 
the  first  series  in  which  the  test  succeeded  (T.  A.  2,  7,  22,  23)  also 
deserve  consideration,  since  the  omission  in  them. of  the  ignition  of  the 
sulphide  could  only  have  the  effect  of  making  the  test  less  delicate. 
It  will  be  seen  from  the  tables  that  the  detection  of  2  mgm.  failed  in 
the  presence  of  300-400  mgm.  of  antimony  (T.  A.  31)  or  of  titanium 
(T.  A.  29),  or  of  100  mgm.  or  more  of  molybdenum  (T.  A.  28,  31,  47) ; 
and  that  that  of  4  mgm.  failed  in  the  simultaneous  presence  of  400 
mgm.  each  of  titanium  and  molybdenum  (T.  A.  35).  On  the  other 
hand,  3  mgm.  were  detected  when  no  other  element  was  in  great  excess 
(T.  A.  2,  27)  or  when  much  tin  was  present  (T.  A.  40,  41) ;  and  4  mgm. 
were  detected  when  the  mixture  also  contained  400  mgm.  of  titanium 
(T.  A.  32)  or  of  antimony  (T.  A.  36),  or  100  or  more  milligrams  of 
molybdenum  (T.  A.  34,  37,  46).  Eight  milligrams  were .  detected  in 
the  presence  of  20  mgm.  of  phosphate  (T.  A.  43),  but  a  less  quantity 
could  probably  have  been  found.  The  limit  of  detection  may  therefore 
be  set  at  2  mgm.  when  it  is  present  either  alone  or  with  a  large  quantity 
of  tin,  and  at  3  or  4  mgm.  when  a  large  quantity  of  antimony,  titanium, 
or  molybdenum  is  simultaneously  present. 

Molybdenum  and  tin  are  the  only  elements  that  could  give  rise  to 
a  precipitate  in  a  blank  analysis  at  the  point  where  the  ignited  sulphides 
are  dissolved  in  nitric  and  hydrochloric  acid  (P.  43) ;  and  mistake  from 
this  source  is  entirely  guarded  against  by  the  subsequent  evaporation 
with  sulphuric  acid,  and  by  the  confirmatory  test  with  zinc. 

Antimony,  arsenic,  and  molybdenum.  —  The  final  detection  of  these 
elements  is  effected  in  connection  with  the  later  groups.  It  is  therefore 
sufficient  to  show  that  even  a  small  quantity  of  any  of  them  present  in 
the  solution  of  this  group  is  precipitated  by  hydrogen  sulphide  from  the 
hydrofluoric  acid  solution  (P.  31).  This  is  shown  by  the  above  analyses 
for  1  or  2  mgm.  of  antimony  (T.  A.  1,  25,  26)  and  of  molybdenum 
(T.  A.  1,  32,  33).  Special  experiments  have  confirmed  this  result, 
and  have  shown  that  2  mgm.  of  arsenic  are  also  precipitated  (see  C.  E., 
P.  3i,  N.  3). 

Summary.  —  The  preceding  discussiop  may  be  summarized  by  the 
following  statements :  Four  milligrams  of  any  element  of  this  group, 
when  present  in  the  hydrofluoric  acid  solution  at  the  start,  can  be 
detected  with  certainty  by  the  procedure  described  in  this  article,  even 
when  a  quantity  as  large  as  300-400  mgm.  of  any  other  element  of  the 
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group  is  simultaneously  present.  Two  milligrams  of  titanium,  tantalum, 
antimony,  arsenic,  or  molybdenum,  or  three  of  niobium  can  be  detected 
with  certainty  in  any  combination  whatever  with  other  elements.  Two 
milligrams  of  tin  or  tungsten  can  each  be  detected  alone  or  in  the 
presence  of  a  very  large  quantity  of  the  other,  but  not  in  the  presence 
of  a  large  quantity  of  the  elements  precipitated  by  hydrogen  sulphide 
or  ammonium  sulphide.  Eight  milligrams  of  tungsten,  and  probably 
much  less,  can  be  detected  in  the  presence  of  a  considerable  quantity  of 
phosphate.  There  is  no  possibility  of  concluding  that  any  absent  ele- 
ment is  present  as  a  result  of  a  failure  of  the  final  test  to  yield  a  blank, 
except  in  the  cases  of  tantalum  and  niobium ;  and  observance  of  all  the 
precautions  described  and  of  the  remarks  as  to  the  interpretation  of  the 
results  will  prevent  any  mistake  in  these  "cases. 

In  conclusion,  it  need  hardly  be  said  that  skill  in  the  manipulation 
of  exact  qualitative  analysis  and  some  slight  experience  with  this  process 
itself  are  essential  in  order  to  secure  the  degree  of  delicacy  just  referred 
to  it.  But  the  attempt  has  been  made  to  make  the  directions  so  detailed 
and  explicit  that  it  is  believed  that  an  analyst  possessing  such  skill  will 
be  able  to  approximate  closely  to  these  results  after  working  through  a 
single  mixture  containing  small  quantities  of  all  the  elements  of  the 
group. 

Confirmatory  Experiments  and  References. 

G.  D.,  §  4.  —  See  C.  E.,  P.  35,  N.  4,  in  regard  to  the  separation  of 
tungsten  from  titanium  by  digestion  with  (NH4)2S,  and  C.  E.,  P.  38,  N.  5, 
in  regard  to  that  by  fusion  with  Na2C08  and  S. 

For  the  separation  of  tungsten  and  titanium  by  fusion  with  KN08  and 
K2C08,  see  Defacqz,  Comfit,  rend.,  123,  p.  823  (1896). 

A  mixture  of  10  mgm.  W  and  300  mgm.  Ti  in  HF  solution  was  treated 
by  P-  33  ♦  35  >  3^»  an(*  3^>  except  that  the  fusion  with  Na2COs  and  S  was 
replaced  by  the  following  process:  the  NH4OH  precipitate  obtained  after 
the  treatment  with  H2Oa  and  the  evaporation  with  H2S04  was  ignited  in 
a  platinum  crucible  and  mixed  with  eight  times  its  weight  of  eight  parts 
KN08  and  two  parts  K2C08,  the  mixture  kept  at  a  dull  red  heat  for 
30  minutes ;  the  mass  was  treated  with  water,  the  water  evaporated  off,  the 
residue  again  treated  with  water,  and  the  liquid  filtered.  The  residue  was 
dissolved  in  H2Oa  and  HC1,  the  solution  evaporated  with  H2S04,  and  after 
dilution  poured  through  a  Zn  column  into  HgCl2  solution :  no  precipitate 
resulted.  The  filtrate  was  strongly  acidified  with  HNOs  and  evaporated 
to  dryness ;  the  mass  was  treated  with  water,  the  solution  filtered,  and  the 
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(white)  residue  treated  with  NH4OH ;  only  a  small  portion  of  it  dissolved, 
but  the  solution  on  acidifying  with  HN08  gave  a  small  precipitate  of 
H2W04  (1-2  mgm.);  the  white  residue  gave  no  color  when  heated  with 
HaOa  and  HC1. 

The  experiment  was  repeated  with  a  mixture  of  300  mgm.  W  and 
300  mgm.  Ti:  a  large  gray  precipitate  was  produced  in  the  HgCl2  solu- 
tion after  the  NH4OH  precipitate  had  been  fused  with  KN08  and  K2COg. 

G.  D.,  §  5. — 100  mgm.  Ti  in  one  experiment,  5  mgm.  Nb  in  a 
second,  and  a  mixture  of  100  mgm.  Ti  and  5  mgm.  Nb  in  a  third,  as 
oxides,  were  dissolved  in  HF,  the  solution  evaporated  three  times  with 
HN08,  the  residue  heated  30  minutes  at  1200,  and  then  warmed  with 
10  ccm.  3%  H202  and  1  ccm.  HN08  (1.20):  the  Ti02  and  also  the  mix- 
ture of  TiOa  and  Nb205  dissolved  completely ;  but  the  pure  Nb208  did 
not  seem  to  dissolve  at  all. 

500  mgm.  Ti  as  H2TiOa  were  dissolved  in  HF,  the  solution  evaporated 
just  to  dryness  with  HN08,  the  residue  moistened  with  HN08,  and  the 
latter  evaporated  off;  10  ccm.  3%  H202  and  2  ccm.  HC1  (1.12)  were 
added,  and  the  mixture  heated  to  the  decomposition-temperature  of  the 
H202 :  in  3  minutes  everything  had  dissolved.  —  The  same  experiment  was 
repeated  with  2  mgm.  Nb  as  Nb206  and  in  a  separate  experiment  with 
2  mgm.  Ta  as  Ta206:  most,  if  not  all,  of  the  substance  remained  undis- 
solved in  each  case  even  on  5-10  minutes'  heating.  —  The  experiment  was 
again  repeated  with  a  mixture  of  12  mgm.  Nb  and  100  mgm.  Ti:  every- 
thing dissolved  on  3  minutes'  heating  except  a  few  hard  flakes,  and  these 
went  into  solution  on  heating  for  5  minutes  longer.  —  If  was  also  repeated 
with  a  mixture  of  5  mgm.  Ta  and  100  mgm.  Ti:  the  whole  residue  went* 
into  solution  in  5  minutes.  It  was  repeated  with  .500  mgm.  Ti,  except 
that  no  HC1  was  at  first  added  with  the  H202:  the  residue  dissolved 
much  more  slowly,  and  some  still  remained  after  10  minutes;  but  this  dis- 
solved at  once  on  adding  2  ccm.  HC1  (1.12). 

For  the  separation  of  titanium  and  uranium  from  iron  by  alkaline 
H2Oa,  see  P.  H.  Walker,/.  Am.  Chem.  Soc.t  20,  p.  515  (1898). 

To  a  solution  in  5  ccm.  H2S04  (1.20)  of  100  mgm.  Ti  in  one  experi- 
ment and  of  100  mgm.  Ti  and  6  mgm.  Ta  in  another,  50  ccm.  3%  H.»0> 
solution  were  added  and  this  mixture  was  dropped  rapidly  from  a  separat- 
ing funnel  into  a  cold  mixture  of  50  ccm.  3%  H202  and  15  ccm.  NH4OH 
(0.90):  no  precipitate  formed  within  15  minutes  in  either  case,  but  a  large 
yellowish  white  precipitate  came  out  on  standing  over  night  at  a  temper- 
ature of  about  io°. 

G.  D.,  §  7. —  100  mgm.  Ti  as  Ti04H4  were  dissolved  in  10  ccm.  3% 
H>Oj;  and  2  ccm.  HC1  (1.12),  S02  gas  passed  into  saturation,  NH4OH  added 
till  a.kaline,  the  solution  allowed  to  stand  3  minutes,  and  then  to  the  mixture  a 
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fourth  its  volume  of  HC1  (1.20)  was  added :  the  whole  precipitate  dissolved.  — 
The  experiment  was  repeated,  substituting  1  mgm.  Nb  for  the  100  mgm.  Ti: 
the  NH4OH  precipitate  remained  in  large  part  undissolved.  —  The  experiment 
was  repeated  with  a  mixture  of  50  mgm.  Ti  and  2  mgm.  Nb,  and  with  one 
of  100  mgm.  Ti  and  5  mgm.  Nb :  in  the  first  case,  the  whole  of  the  NH4OH 
precipitate  dissolved;  and  in  the  second  case  only  a  slight  one  remained, 
which  when  dissolved  in  H2S04  and  treated  with  Zn  and  HC1  gave  no  color, 
showing  the  absence  of  niobium. 

G.  D.,  §  8.  —  See  C.  E.,  P.  38,  N.  4  in  regard  to  the  reduction  by  Zn 
and  the  HgCl2  test  in  the  cases  of  titanium  and  niobium. 

G.  D.,  §9.  —  To  two  portions  of  7  ccm.  H2S04  (1.20),  NH4OH  was 
added  till  alkaline,  and  then  7  ccm.  (NH4)2S ;  the  mixtures  were  heated  for 
30  minutes  in  a  covered  casserole,  2  mgm.  W  as  Na2W04  were  added  to 
each,  and  each  was  acidified  with  H2S04  (1.20);  to  one  mixture  3  ccm.  20% 
FeCl8  solution  was  at  once  added,  and  both  mixtures  were  shaken  and  fil- 
tered :  from  that  to  which  no  FeCl8  was  added,  a  small  yellowish  pink  pre- 
cipitate separated ;  while  in  that  to  which  it  was  added,  a  decidedly  larger 
orange-yellow  precipitate  formed:  the  filtrate  was  distinctly  yellow  in  both 
cases. 

G.  D.,  §  10.  —  300  mgm.  W  as  Na2W04,  300  mgm.  As  as  H8As04,  100 
mgm.  V  as  Na8V04,  and  50  mgm.  Mo  as  (NH4)2Mo04,  in  separate  experi- 
ments, were  digested  with  10  ccm.  (NH4)2S,  the  solution  precipitated  by 
H2S04;  the  precipitate,  sucked  as  dry  as  possible,  was  transferred  to  a 
stoppered  Erlenmeyer  flask,  20  ccm.  HC1  (1.20)  poured  over  it,  and  the 
mixture  heated  for  20  minutes  on  a  steam  bath ;  the  flask  was  connected  by 
means  of  tubes  passing  through  the  stopper  with  another  flask  containing  a 
solution  of  Pb(C2H802)2  strongly  alkaline  with  NaOH,  and  at  the  end  of  the 
20  minutes  it  was  removed  from  the  steam  bath  and  a  current  of  air  was 
drawn  through  the  liquid  so  as  to  carry  the  vapors  above  it  into  the 
Pb(C2H802)  solution :  in  the  cases  of  the  tungsten,  arsenic,  and  vanadium, 
black  precipitates,  estimated  at  10  mgm.,  5  mgm.  and  15  mgm.  respectively, 
separated,  while  in  the  case  of  the  molybdenum  not  even  a  darkening  was 
produced.  The  acid  solution  resulting  from  the  action  of  HC1  (1.20)  on  the 
WS8  in  this  experiment  was  decanted  through  a  filter  and  evaporated  to  dry- 
ness; 10  ccm.  HNOa  (1.20)  were  added  and  the  mixture  heated:  a  yellow 
residue  estimated  at  10  mgm.  remained,  much  of  which  had  already  separated 
during  the  evaporation  of  the  HC1. 

The  experiment  was  repeated  with  300  mgm.  W,  except  that  HC1  (1-12) 
was  used  in  place  of  the  HC1  (1.20) :  the  precipitate  of  PbS  produced  seemed 
to  be  equal  in  quantity  to  that  obtained  in  the  preceding  test. 

300  mgm.  W  obtained  as  WS8,  as  described  above,  were  heated  in  a  flask 
on  a  steam  bath  for  30  minutes  with  20  ccm.  HC1  (1.20),  a  current  of  H2S 
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being  passed  continuously  through  the  liquid ;  the  solution  was  filtered  and 
evaporated  to  dryness,  and  HN08  was  added:  there  was  a  yellow  residue 
not  much  less  in  quantity  than  that  obtained  when  no  H2S  was  passed  in. 

P.  31,  N.  2. —  1  mgm.  Sb  as  Sb204,  1  mgm.  Cu  as  CuS04,  and  1  mgm. 
Bi  as  Bi(N08)8  were  separately  dissolved  in  5  ccm.  48%  HF  and  40  ccm. 
water,  and  H2S  was  passed  into  the  solution  in  a  covered  dish  for  15  min- 
utes :  a  considerable  precipitate  formed  in  each  solution,  which  was  orange- 
colored  in  the  first  case  and  black  in  the  other  cases. 

100  mgm.  Bi  as  Bi(N08)8  were  dissolved  in  5  ccm.  48%  HF  and 
40  ccm.  water,  the  solution  filtered,  the  filtrate  saturated  with  H2S,  the 
precipitate  filtered  out,  the  filtrate  evaporated  with  H2S04,  and  NH4OH 
added:   no  precipitate  resulted. 

100  mgm.  Se  as  Se02  and  100  mgm.  Te  as  TeOa  were  separately  dis- 
solved in  3  ccm.  48%  HF  and  24  ccm.  water,  and  H2S  passed  into  satu- 
ration: a  large  precipitate  immediately  separated.  This  was  filtered  off, 
the  filtrate  evaporated  to  dryness,  HC1  (1*02)  added,  and  HaS  passed  first 
into  the  solution  in  the  cold  and  then  into  it  at  a  nearly  boiling  temperature : 
no  more  precipitate  separated  in  either  case. 

500  mgm.  As2Oa  were  treated  with  HN08  (1.42),  and  the  solution  evap- 
orated just  to  dryness;  then  3  ccm.  48%  HF  and  24  ccm.  water  were 
added,  and  H2S  passed  in :  a  precipitate  formed  only  after  several  minutes, 
and  this  continued  to  increase  for  an  hour.  It  was  then  filtered  out,  and 
H2S  passed  into  the  filtrate:  a  large  precipitate  again  resulted. 

1 00  mgm.  Mo  as  (NH4)2Mo04  and  4  mgm.  W  as  Na2W04  were  dis- 
solved in  5  ccm.  48%  HF  and  40  ccm.  water,  and  H2S  was  passed  into 
the  cold  solution  for  30  minutes.  The  precipitate  was  treated  by  P.  43: 
there  was  only  a  scarcely  noticeable  yellow  residue  (of  H2W04)  after  the 
evaporation  with  H2S04.  The  filtrate  from  the  H2S  precipitate  was 
treated  by  P.  33,  35,  39,  41,  omitting  the  HC1  treatment,  and  P.  43: 
a  fairly  large  yellow  residue  (of  H2W04)  resulted. 

A  mixture  of  400  mgm.  Mo  as  (NH4)2Mo04,  8  mgm.  Sn  and  8  mgm.  W 
in  HF  solution  was  dissolved  in  5  ccm.  48%  HF  and  40  ccm.  water; 
2  ccm.  H2S04  (1.84)  were  added,  and  H2S  was  passed  for  30  minutes  into 
the  cold  solution;  the  precipitate  was  treated  by  P.  41,  42,  and  43,  and 
the  filtrate  by  the  usual  complete  procedure :  the  HgCl2  test  obtained  by 
treating  the  precipitate  was  only  about  one-fourth  as  large  as  that  obtained 
by  treating  the  filtrate;  no  tungstic  acid  separated  in  the  analysis  of  the 
precipitate,  while  a  large  quantity  was  obtained  in  that  of  the  filtrate  upon 
treating  the  ignited  sulphide  with  HN08  and  H2S04. 

300  mgm.  Mo  as  (NH4)2Mo04  were  dissolved  in  5  ccm.  48%  HF  and 
40  ccm.  water,  H2S  passed  into  the  cold  solution  for  30  minutes,  and  the 
mixture  filtered:  a  large  black  precipitate  resulted,  and  the  filtrate  became 
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very  turbid  on  short  standing.  The  filtrate  was  placed  on  a  steam  bath  and 
H2S  passed  into  the  hot  solution  for  30  minutes  more  and  filtered :  a  much 
smaller  precipitate  was  obtained  than  before.  This  last  precipitate  was 
treated  with  HN08  (1.20),  and  the  solution  was  filtered;  the  residue  was 
ignited,  and  the  filtrate  from  it  evaporated,  the  two  residues  united,  heated 
to  a  low  red  heat,  and  weighed :  39  mgm.  of  Mo08  corresponding  to  26  mgm. 
Mo  were  obtained.  The  filtrate  from  the  second  H2S  precipitate  was  evapo- 
rated, and  the  residue  ignited  and  weighed :  45  mgm.  Mo08  corresponding 
to  30  mgm.  Mo  were  obtained.  This  shows  that  of  the  300  mgm.  present 
only  56  mgm.  remained  unprecipitated  after  the  first  30  minutes'  treatment 
with  H2S  in  the  cold. 

The  last  experiment  was  repeated,  except  that  3  ccm.  H9S04  were  added 
to  the  HF  solution  before  passing  in  H2S,  and  except  that  no  quantitative 
d  .'terminations  were  made :  the  two  precipitates  obtained  were  of  nearly  the 
same  size  as  before. 

o 

500  mgm.  Sn  as  metal  were  treated  with  HN08  (1.42)  and  the  latter 
evaporated  off;  the  residue  was  dissolved  in  5  ccm.  48%  HF  and  40  ccm. 
water,  and  H2S  passed  into  the  cold  solution  for  over  an  hour ;  no  precipitate 
appeared. 

500  mgm.  W  as  Na2W04  were  dissolved  in  3  ccm.  HF  and  24  ccm.  water, 
and  the  cold  solution  was  treated  with  H2S  gas  for  an  hour :  no  precipitate 
separated. 

A  mixture  of  500  mgm.  Sb  and  2  mgm.  Sn  as  metals  was  treated  with 
HN08,  the  mixture  evaporated,  the  residue  dissolved  in  48%  HF,  the  solu- 
tion diluted  with  eight  times  its  volume  of  water  and  treated  with  H2S  gas 
for  30  minutes;  the  precipitate  next  filtered  out,  the  filtrate  evaporated  with 
3  ccm.  H2S04,  and  the  solution  diluted  and  treated  with  granulated  zinc  and 
a  piece  of  platinum,  as  long  as  gas  evolution  continued ;  then  to  the  mixture 
strong  HC1  was  added  and  heat  applied  till  the  zinc  was  all  dissolved,  and 
the  solution  was  filtered  and  added  to  HgCl2:  a  small  white  precipitate, 
which  turned  black  on  treatment  with  NH4OH,  resulted. — The  experiment 
was  repeated  with  500  mgm.  Sb  and  1  mgm.  Sn :  no  precipitate  of  HgCl  was 
obtained. 

5  ccm.  48%  HF  and  40  ccm.  water  were  saturated  cold  with  H2S  and 
kept  so,  while  portions  of  1  mgm.  Pb  as  Pb(N08)2  were  added  till  a  perma- 
nent precipitate  resulted :  6  mgm.  Pb  were  required. 

P.  31,  N.  3.  —  1  mgm.  Sb  as  Sb206  was  dissolved  in  5  ccm.  48%  HF 
and  25  ccm.  water,  and  H2S  passed  in  at  the  room  temperature  for  30  min- 
utes: no  precipitate  formed.  The  solution  was  then  cooled  in  ice  water, 
and  H2S  again  passed :  a  distinct  precipitate  separated.  The  mixture  was 
heated  till  the  precipitate  redissolved,  then  cooled  to  room  temperature, 
again   saturated  with  H2S  (whereby  no   precipitate  was  produced),  diluted 
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with  15  ccm.  water  and  again  saturated  with  the  gas:  a  distinct  precipitate 
resulted. 

500  mgm.  Sb  as  metal  were  treated  with  HNOg,  the  acid  evaporated, 
the  residue  dissolved  in  5  ccm.  48%  HF  and  40  ccm.  cold  water,  H2S 
passed  in  half  an  hour,  the  precipitate  filtered  out,  the  filtrate  evaporated 
to  fuming  with  1  ccm.  H2S04,  diluted  with  water  (whereupon  a  large  white 
precipitate  separated),  and  H.2S  passed  into  saturation:  an  orange  precip- 
itate not  very  different  in  quantity  from  that  that  separated  from  the  HF 
solution  was  obtained. 

A  solution  of  500  mgm.  Sn  as  SnOa  and  1  mgm.  Sb  in  5  ccm.  48%  HF 
and  40  ccm.  water  was  saturated  with  H2S  in  the  cold :  a  decided  orange- 
colored  precipitate  separated. 

1  mgm.  Sb  was  dissolved  in  a  mixture  of  5  ccm.  48%  HF,  40  ccm.  water, 
and  1  ccm.  H2S04  (1.84),  and  H2S  was  passed  into  saturation  in  the  cold: 
no  precipitate  formed.  —  The  experiment  was  Repeated  with  2  mgm.  Sb :  a 
distinct,  compact,  orange  precipitate  separated. 

2  mgm.  As  as  As206  were  dissolved  in  5  ccm.  48%  HF  and  40  ccm. 
water,  and  H2S  passed  into  the  cold  solution  for  50  minutes:  no  precipitate 
whatever  separated.  The  solution  was  then  heated  on  a  steam  bath,  and 
HaS  again  passed  in :  a  precipitate  appeared  almost  immediately. 

A  mixture  of  400  mgm.  Mo  as  (NH4)2Mo04,  2  mgm.  Ta,  2  mgm.  Ti, 
2  mgm.  Sn,  and  4  mgm.  W,  dissolved  in  5  ccm.  48%  HF  and  40  ccm.  water, 
was  treated  with  H2S,  first  cold  and  then  hot :  the  solution  became  very  dark- 
colored,  but  very  little  precipitate  separated.  Then  3  ccm.  H2S04  (1.84) 
were  added :  a  very  bulky,  slimy  precipitate  instantly  separated,  causing  the 
solution  almost  to  gelatinize.  The  mixture  was  filtered:  the  liquid  ran 
through  with  extreme  slowness.  The  filtrate  was  tested  by  the  complete 
procedure  for  all  of  the  elements  present  in  small  quantity :  no  test  for  any 
of  them  except  tantalum  was  obtained,  indicating  that  they  were  carried  down 
by  the  slimy  precipitate. 

P.  33,  N.  2. — 100  mgm.  dehydrated  H2Si08  were  dissolved  in  HF, 
H2S04  was  added,  and  the  solution  was  evaporated  to  complete  dryness: 
no  residue  could  be  seen,  showing  that  one  evaporation  with  HF  and 
H2S04  suffices  to  expel  all  the  silica. 

P.  33,  N.  4.  —  500  mgm.  Sn  as  H2SnOg,  300  mgm.  Ti  as  H.2Ti08, 
100  mgm.  Nb  as  Nb205,  100  mgm.  Ta  as  Ta205,  and  500  mgm.  Mo  as 
MoOs  were  dissolved  in  separate  experiments  in  a  little  HF,  2-3  ccm. 
H2S04  (1.84)  were  added,  the  solution  was  evaporated  till  it  fumed  strongly, 
and  then  after  cooling  it  was  poured  gradually  into  5  ccm.  cold  water :  no 
permanent  precipitate  separated  in  any  case ;  the  molybdenum  solution  had 
a  deep  blue  color,  and  before  dilution  there  were  blue  spots  above  the  sur- 
face  of    the   liquid.      The   experiment    was    repeated   with    100  mgm.   Nb, 
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and  with  100  mgm.  Ta,  taking  no  especial  care  to  cool  the  H2S04  upon 
dilution :   a  large,  white  flocculent  precipitate  separated  in  each  case. 

To  2  mgm.  W  were  added  2  ccm.  HF,  0.5  ccm.  HN08,  and  3  ccnu 
H2S04;  the  solution  was  heated  gently  until  most  of  the  HF  was  expelled; 
it  was  then  heated  at  n o°  in  a  hot  closet  for  30  minutes;  and  finally  it  was 
added  to  8  ccm.  water :  a  precipitate  separated  almost  immediately. 

The  experiment  was  repeated,  except  that  the  mixture  was  heated  on  a 
sand  bath  just  below  the  fuming  point  for  30  minutes:  upon  dilution  a  pre- 
cipitate began  to  separate. 

To  2  mgm.  W  and  4  mgm.  W  as  Na2W04,  2  ccm.  H2S04  (1.84)  were 
added,  and  the  solution  evaporated  to  the  fuming  point :  even  after  cooling, 
the  solution  remained  clear.  The  liquid  was  added  to  5  ccm.  water :  a  white 
turbidity  appeared  in  3-5  minutes  in  the  4  mgm.  portion,  and  in  30  minutes 
in  the  2  mgm.  portion ;  on  standing  over  night,  yellow  precipitates  had  settled 
out  in  both  cases.  The  experiment,  with  some  variations,  was  many  times 
repeated  with  1  mgm.  W :  in  no  case  did  any  precipitate  separate,  even  on 
standing. 

100  mgm.  W  as  Na2W04  were  dissolved  in  a  little  water,  1  ccm.  H2SO* 
(1.84)  added,  and  the  mixture  evaporated  to  the  fuming  point:  a  large  quan- 
tity of  a  heavy,  yellow  powder  separated. 

P.  34,  N.  3.  —  0.1  mgm.  P04  as  Na2HP04  was  added  to  5  ccm.  of  the 
(NH4)2Mo04  reagent,  and  the  mixture  was  warmed :  a  considerable  yellow 
precipitate  formed  at  once. 

P.  35,  N.  2.  —  To  300  ^  mgm.  Mo  as  (NH4)2Mo04,  300  mgm.  W  as 
Na2W04,  and  300  mgm.  V  as  Na8V04  in  separate  experiments,  10  ccm. 
water,  3  ccm.  NH4OH,  and  10  ccm.  (NH4)2S  were  added,  and  the  mixture 
kept  at  5o°-6o°  for  45  minutes ;  everything  stayed  in  solution  in  the  case  of 
the  molybdenum  and  tungsten ;  a  rather  small  green  precipitate  remained 
in  the  case  of  the  vanadium ;  the  molybdenum  had  a  deep  orange-red  color, 
the  vanadium  a  yellow-brown  color.  The  experiment  was  repeated  with 
1  mgm.  Mo:  a  distinct  orange  color  was  apparent. 

Three  portions  of  500  mgm.  Sn  as  metal  were  treated  with  three  portions 
of  5  ccm.  HN08  (1.42),  to  one  of  which  had  been  added  500  mgm.  V  as 
Na8V04,  to  another  500  mgm.  W  as  Na2W04,  and  to  the  third  500  mgm. 
Mo  as  (NH4)2Mo04.  The  mixture  was  evaporated  to  dryness,  the  residue 
heated  for  1  hour  at  1200,  and  then  treated  by  P.  5,  6,  ^  and  35:  on 
adding  an  excess  of  NH4OH,  nothing  remained  undissolved  in  the  mixture 
containing  vanadium,  there  was  a  yellowish  white  precipitate  in  that  con- 
taining tungsten,  and  a  grayish  blue  one  in  that  containing  molybdenum. 
On  adding  10  ccm.  cold  (NH4)2S,  the  mixtures  containing  vanadium  and 
molybdenum  became  deep  red,  and  no  precipitate  remained;  in  that  con- 
taining tungsten,  everything  also  dissolved. 
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A  solution  of  300  mgm.  Ti  and  5  mgm.  W  in  HF  was  treated  by  P.  33, 
35>  36,  and  the  first  paragraph  of  P.  38:  a  decided  white  precipitate  was 
produced  in  the  HgCl2  solution,  showing  the  presence  of  tungsten  in  the 
(well-washed)  (NH4)2S  precipitate.  The  experiment  was  repeated  with  many 
other  mixtures  of  titanium  and  tungsten,  with  the  same  result 

As  to  the  impossibility  of  completely  removing  tin*  and  tungsten  from 
niobium  and  tantalum  with  (NH4)2S,  see  Hall,  "Observations  on  the  Metallic 
Acids,"  thesis  submitted  to  University  of  Pennsylvania,  p.  9  (1904). 

A  mixture  of  400  mgm.  Ti  and  200  mgm.  Mo  was  dissolved  in  HF  and 
treated  by  P.  33  and  35,  the  precipitate  being  three  times  washed  with  hot 
water  upon  the  filter  with  the  help  of  suction :  it  still  had  a  strong  orange 
color.  It  was  returned  to  a  casserole  and  heated  with  frequent  stirring 
upon  a  water  bath  with  10  ccm.  NH4OH  (0.90)  and  40  ccm.  water;  the 
precipitate  was  then  filtered  out  and  washed:  it  now  had  only  a  slight 
yellowish  color.  It  was  dissolved  in  HF  and  treated  by  the  whole  of 
P.  38:  a  large  precipitate  was  obtained  in  the  first  HgCl2  test,  but  none 
whatever  in  the  second  HgCl2  test  after  the  fusion  with  Na2C08  and  S, 
showing  that  the  quantity  of  molybdenum  retained  in  the  (NH4)2S  precipi- 
tate after  digestion  with  NH4OH  is  not  so  great  that  it  cannot  be  removed 
by  the  fusion.  —  The  experiment  was  repeated,  except  that  the  (NH4)2S 
precipitate  was  only  well  washed  with  water,  not  digested  with  NH4OH: 
in  this  case  a  large  precipitate  was  obtained  in  the  HgCl2  test,  even  after 
the  fusion  with  Na2C08  and  S,  showing  that  the  digestion  with  NH4OH 
may  be  necessary. 

P.  36,  N.  2. — 100  mgm.  Ti  as  H2Ti08  and  100  mgm.  Nb  as  Nb205, 
in  separate  experiments,  were  dissolved  in  HF  and  treated  by  P.  33,  35, 
and  36 :  the  whole  H2TiOs  precipitate  dissolved  in  the  H202,  and  of  the 
HNbOs  not  more  than  1  mgm.  remained  undissolved.  The  experiment 
was  several  times  repeated  with  300  mgm.  Ti  as  H2Ti08:  in  every  case 
a  large  white  precipitate,  amounting  to  from  one-third  to  one-sixth  of  the 
original  quantity,  remained  undissolved.  This  precipitate  was  treated  suc- 
cessively with  two  fresh  portions  of  H2Oa  and  HC1 :  each  time  the  liquid 
was  strongly  colored,  but  there  was  still  a  large  residue.  This  residue  was 
treated  with  5  ccm.  cold  HF;   it  dissolved  completely  in  2  or  3  minutes. 

20  mgm.  Ta  as  Ta206  were  dissolved  in  HF,  and  the  solution  treated 
by  P.  33,  35,  and  36;  the  H2Oa  solution  was  saturated  with  SOa  and 
NH4OH  added:  a  precipitate  about  equal  in  amount  to  the  residue  undis- 
solved by  the  H2Oa  was  produced.  This  residue  was  dissolved  in  HF  and 
again  treated  by  P.  33,  35,  and  36,  and  the  H202  solution  was  saturated 
with  SOa  and  made  alkaline  with  NH4OH :  again  a  precipitate  nearly  equal 
in  amount  to  the  residue  was  obtained. 

1  mgm.  Ta  as   Ta206  in  HF  solution  was  treated   by  P.  33,  35,  36, 
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and  37,  and  the  H202  solution  obtained  in  P.  36  was  saturated  with  S02 
and  made  alkaline  with  NH4OH :  about  one-half  the  (NH4)2S  precipitate 
dissolved  in  the  H202,  and  from  the  residue  a  distinct  precipitate  of 
K2TaF7.Ta206  was  obtained  by  P.  37. 

300  mgm.  Sn  and  300  mgm.  Ti  in  HF  solution  were  treated  by  P.  33, 
35,  and  36 :  there  was  a  large  residue  insoluble  in  H2Oa  and  HC1.  This 
was  removed  from  the  filter  and  warmed  with  48%  HF:  a  large  residue 
still  remained.  This  was  fused  with  Na2C08  and  S  and  treated  with  hot 
water:  the  mass  dissolved  completely,  showing  the  absence  of  much  tita- 
nium. The  solution  was  tested  for  tin  by  P.  39,  41  (omitting  the  ignition) 
and  43 :   a  very  large  precipitate  of  HgCl  resulted. 

P.  36,  N.  3.  —  Two  portions  of  20  mgm.  Ti  in  HF  solution  were  evap- 
orated with  2  ccm.  H2S04  (1.84),  the  solution  diluted  with  5  ccm.  water 
and  a  large  excess  of  NH4OH,  and  heated  on  a  steam  bath  for  1  hour; 
the  precipitates  were  filtered  off,  washed,  and  transferred  to  test  tubes;  to 
one  of  them  10  ccm.  hot  3%  H202,  and  to  the  other  a  hot  mixture  of 
10  ccm.  3%  H202  and  2  ccm.  HC1  (1.12),  were  added,  and  the  mixtures 
shaken  for  2  minutes:  in  the  first  case,  much  of  the  precipitate  was 
undissolved  and  the  mixture  had. a  light  yellow  color;  in  the  second  case, 
a  clear,  deep  orange-red  solution  resulted. 

P.  36,  N.  4.  —  0.1  mgm.  Ti  and  100  mgm.  Ti  were  added  to  10  ccm. 
H2Oa  and  2  ccm.  HC1  (1.12):  a  distinct  yellow  color  resulted  in  the  first 
case,  and. a  deep  orange-red  in  the  second. 

P.  36,  N.  5.  —  5  mgm.  V  and  20  mgm.  V  as  Na8V04  were  added  to 
10  ccm.  3%  H202  and  2  ccm.  HC1  (1.12):  an  orange-yellow  color  resulted 
in  the  first  case  and  a  deep  orange-red  in  the  second.  The  experiment 
was  repeated  with  5  mgm.  W  as  Na2W04 :  no  color  was  produced.  It  was 
repeated  with  5  mgm.  Mo  and  with  100  mgm.  Mo  as  (NH4)2Mo04:  a  very 
pale  yellow  color,  not  so  strong  as  that  produced  by  0.1  mgm.  Ti,  resulted 
in  the  first  case,  and  a  deep,  pure  yellow  color  in  the  second  case. 

P.  37,  N.  2.  —  1  mgm.  Ta  as  Ta206  and  10  mgm.  SiOa  were  dissolved 
in  HF,  and,  omitting  the  usual  evaporation  with  HNOs,  K2COs  was  immedi- 
ately added,  the  solution  was  evaporated,  the  residue  heated  and  dissolved 
in  a  little  water,  and  the  solution  boiled  down  to  1  ccm. :  no  precipitate 
separated,  even  on  standing. 

P.  37,  N.  3.  —  For  the  solubility  and  composition  of  the  potassium  fluo- 
tantalate  and  fluoxytantalate,  see  Marignac,  Ann.  chitn.  phys.  (4),  9,  pp.  268, 
269  (1866). 

A  portion  of  2  mgm.  Ta  was  treated  by  P.  37,  and  two  other  portions  of 
2  mgm.  Ta  were  treated  in  the  same  way  except  that  the  residue,  after  adding 
K2C08  and  evaporating,  was  in  one  case  heated  only  till  it  became  dry  (but 
not  enamel  white),  and  was  in  the  other  case  heated  to  redness :  scarcely  any 
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precipitate  formed  in  the  portion  heated  only  to  dryness,  a  fairly  large  pre- 
cipitate of  the  usual  appearance  separated  in  that  treated  exactly  according 
to  the  procedure,  and  a  lighter,  more  bulky,  powdery  one  resulted  in  the 
portion  heated  to  redness. 

P.  37,  N.  4.  —  For  the  solubility  of  K2TiF6,  see  Marignac,  Ann.  Mm. 
phys.  (4),  8,  p.  65  (1866). 

P.  37,  N.  5. — 100  mgm.  Nb  as  HNb08,  precipitated  from  H2S04  solu- 
tion by  NH4OH,  were  dissolved  in  HF  and  treated  by  P.  37 :  at  the  end  a 
large,  granular  precipitate  separated  in  the  cold  when  the  volume  was  1.5 
ccm.,  but  this  dissolved  on  heating;  and  after  1  ccm.  more  of  water  was 
added,  it  remained  in  solution  even  after  cooling. 

The  experiment  was  repeated  with  a  mixture  of  1 00  mgm.  Nb  and  1  mgm. 
Ta :  at  the  end,  when  the  volume  was  1  ccm.,  the  large,  granular  precipitate 
separated  as  before,  and  this  dissolved  when  3  ccm.  water  were  added,  but 
there  then  remained  a  small  quantity  of  the  heavy,  dirty  white  precipitate 
characteristic  of'  tantalum. 

For  the  solubility  and  composition  of  the  potassium  fluoxyniobate,  see 
Marignac,  Ann.  chim.  phys.  (4),  8,  p.  28  (1866). 

P.  38,  N.  3.  —  Direct  experiments  confirmed  all  the  statements  in  regard 
to  the  colors  produced. 

P.  38,  N.  4.  —  Reduction  of  Ti02  by  zinc  to  Ti208,  see  Kdnig  and  v.  d. 
Pfordten,  Ber.  chetn.  Ges.,  22,  p.  2079  (1889). 

Reduction  of  Nb206  by  zinc  to  Nb208,  see  Osborne,  Am.  J.  Set.  (3),  30, 
P.  333  (1885). 

1  mgm.  Nb  as  Nb205,  a  mixture  of  2  mgm.  Nb  and  100  mgm.  Ti,  and 
one  of  1  mgm.  Nb  and  100  mgm.  Ti  were,  in  separate  experiments,  dissolved 
in  HF,  1  ccm.  H2S04  (1.84)  added,  and  the  mixture  evaporated  till  the  acid 
fumed;  the  solution  was  then  treated  with  HC1  and  Zn,  and  tested  with 
HgCl2  by  P.  25  :  a  distinct,  silky,  white  precipitate  formed  immediately  in 
each  case. 

The  experiment  was  repeated  with  100  mgm.  Ti,  10  mgm.  Ta  (previously 
freed  from  niobium  by  precipitation  as  2K2TaF7.Ta206),  and  with  100  mgm. 
Sn  as  oxides  and  with  300  mgm.  Zr  as  Zr(S04)2  in  separate  experiments :  in 
every  case  the  HgCl2  solution*  remained  perfectly  clear.  The  experiment 
was  several  times  repeated  with  300  mgm.  Ti  as  H2Ti08  from  three  different 
commercial  sources :  no  precipitate  formed  at  once  or  for  a  few  minutes  in 
the  HgCl2  solution,  but  a  turbidity  always  appeared  in  15  minutes,  and  this 
increased  on  longer  standing. 

The  experiment  was  repeated  with  100  mgm.  Mo  as  (NH4)2Mo04,  with 
100  mgm.  V  as  Na8V04,  and  with  4  mgm.  W  as  Na2W04  in  separate  experi- 
ments :  a  large  precipitate  was  produced  in  the  HgCl2  solution  in  each  case. 

For  evidence  of  the  reduction  of  W08  to  W02,  see  v.  d.  Pfordten,  Ber. 
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them.  Ges.,  16,  p.  508  (1883);  of  Mo08  to  Mo02  (when  air  is  not  completely 
excluded),  see  v.  d.  Pfordten,  Ber.  chem.  Ges.,  15,  pp.  192 5-1 929  (1882); 
of  V206  to  V202,  Roscoe,  Ann.  Chem.  Suppl.  Bd.%  6,  p.  94  (1867).  The  color 
changes  are  also  there  described. 

Mixtures  of  300  mgm.  W  and  300  mgm.  Ti,  of  5  mgm.  W  and  300  mgm. 
Ti,  and  of  300  mgm.  Ti  and  300  Mo,  in  separate  experiments,  were  dissolved 
in  HF  and  treated  by  P.  33,  35,  36,  and  38:  in  every  case  a  rather  large 
precipitate  was  produced  when  the  third  of  the  solution  was  treated  with 
Zn  and  tested  with  HgCl2.  After  the  fusion  of  the  remainder  with  Na2COs 
and  S,  the  second  test  with  Zn  and  HgCla  resulted  in  no  immediate  pre- 
cipitate in  the  case  of  the  last  two  of  these  mixtures,  and  in  a  slight  turbidity 
(less  than  that  given  by  i.mgm.  Nb)  in  the  first  mixture.  The  experiment 
with  this  first  mixture  was  repeated  with  the  same  result. 

2  mgm.  Nb  and  200  mgm.  Ti  in  one  experiment  and  2  mgm.  Nb  alone 
in  another  were  dissolved  in  HF,  evaporated  with  2  ccm.  H2S04  (1.84)  and 
treated  by  the  last  paragraph  of  P.  38 :  a  considerable  precipitate  of  HgCl 
was  obtained  in  each  case,  that  with  the  niobium  alone  being  smaller, 
probably  owing  to  difficulties  of  manipulation  in  the  process.  But  in  some 
of  the  test  analyses  (see  the  next  chapter),  2  mgm.  Nb  disappeared  between 
the  first  and  second  tests  with  HgCl2  in  the  processes  connected  with  the 
fusion. 

P.  38,  N.  5.  —  A  mixture  of  300  mgm.  Ti  as  H2Ti08  and  5  mgm.  W 
as  Na8VV04  in  HF  solution  was  treated  by  P.  ^  and  35.  The  (NH4)2S 
filtrate  was  then  acidified  with  H2S04  (1.20),  the  precipitate  tested  for 
tungsten  by  P.  43  ;  and  the  filtrate  by  P.  40 :  no  precipitate  (of  H2W04) 
was  obtained  in  either  case.  The  (NH4)2S  precipitate  was  then  fused  with 
Na2C08  and  S  and  the  fused  mass  treated  with  water  as  in  P.  38 ;  the 
aqueous  solution  was  acidified  with  HsS04  (1.20),  and  the  precipitate  tested 
by  P.  43,  and  the  filtrate  by  P.  40 :  no  precipitate  of  H2W04  resulted  from 
the  treatment  of  the  H2S04  precipitate;  but  a  small,  though  very  distinct, 
compact  yellow  residue  was  obtained  from  the  filtrate.  The  residue  from 
the  Na2C08  and  S  fusion  that  was  insoluble  in  water  was  dissolved  in  HF 
by  a  half-hour's  digestion,  and  treated  by  the  first  paragraph  of  P.  ^8 :  no 
precipitate  of  HgCl  was  obtained,  showing  that  the  tungsten  had  been  com- 
pletely separated  from  the  titanium  by  the  Na2C08  and  S  fusion. 

For  the  complete  separation  of  tin  and  tungsten  from  niobium  and 
tantalum  by  fusion  with  Na2COg  and  S,  see  Hall,  "  Observations  on  the 
Metallic  Acids,"  thesis  submitted  to  the  University  of  Pennsylvania, 
p.  9  (1904). 

P.  39,  N.  1.  —  To  two  portions  of  7  ccm.  H2S04  (1.20),  NH4OH  was 
added  till  alkaline,  and  then  7  ccm.  (NH4)2S,  and  the  mixtures  were  heated 
at  5o°-6o°  for  30  minutes.     To  one  of  the  mixtures  2  mgm.  W  as  Na2W04 
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were  added,  and  both  were  acidified  with  H2S04  (1.20)  and  filtered:  a 
small  pink  precipitate  was  obtained  from  both  solutions;  but  the  filtrate 
from  the  blank  was  colorless,  while  that  from  the  solution  containing  tung- 
sten was  of  a  pronounced  yellow  color.  —  The  experiment  was  twice  repeated, 
using  1  mgm.  in  place  of  2  mgm.  W :  a  bright  yellow  precipitate  formed  on 
adding  the  H2S04,  and  the  filtrate  was  distinctly  yellow. 

A  mixture  of  6  gm.  of  Na2C08  and  S  with  1  mgm.  W,  in  one  case,  and 
6  gm.  of  Na2COg  and  S  alone  in  another,  were  fused  for  15  minutes,  and  the 
fused  masses  dissolved  in  water,  and  the  solutions  filtered,  acidified  with 
H2S04  (1.20),  shaken,  and  again  filtered:  the  mixture  containing  tungsten 
gave  a  yellowish  pink  precipitate  and  a  slightly  yellow  filtrate ;  the  blank  gave 
a  pale  yellow  precipitate  and  a  colorless  filtrate. 

5  mgm.  W  as  Na2W04  were  treated  by  P.  33,  35,  and  39 :  the  precipitate 
was  of  a  bright  yellow  color,  much  deeper  than  that  of  precipitated  S ;  the 
filtrate  was  deep  yellow.  The  precipitate  was  ignited,  the  residue  fused  with 
Na2C08,  the  mass  dissolved  in  water,  and  the  solution  boiled  with  HN08 :  a 
small,  but  unmistakable,  yellow  precipitate  of  H2W04  was  obtained.  The 
filtrate  was  treated  by  P.  40 :  a  large  yellow  precipitate,  about  ten  times  as 
great  as  that  from  the  H2S04  precipitate,  remained. 

In  regard  to  the  incomplete  precipitation  of  WS8  by  acids  from  solutions 
in  alkaline  sulphides,  see  also  Jannasch  and  Bettges,  Ber.  chem.  Ges.,  37, 
p.  2223  (1904). 

A  mixture  of  300  mgm.  Sn  and  2  mgm.  VV  was  treated  by  P.  ^  and  35, 
and  the  (NH4)aS  filtrate  by  P.  39:  the  filtrate  was  colorless.  This  filtrate 
was  treated  by  P.  40 :  a  small  but  unmistakable  yellow  precipitate  of  H2W04 
resulted. 

The  experiment  was  repeated  with  a  mixture  of  300  mgm.  Sn  and 
10  mgm.  W:  a  yellow  precipitate  estimated  at  1  mgm.  W  was  obtained 
from  the  filtrate. 

A  mixture  of  30  mgm.  Sn  as  SnCl4,  8  mgm.  W  as  NasW04  and  20  mgm. 
P04  as  NaaHP04  was  treated  by  P.  35,  39,  40,  41,  43,  and  44,  and  the 
HC1  solution  of  the  ignited  sulphides  obtained  in  P.  41  was  divided,  part 
being  evaporated  with  HNOs  and  tested  with  (NH4)2Mo04,  and  the  remainder 
evaporated  to  a  small  volume,  diluted,  treated  hot  with  H2S,  filtered,  and 
the  filtrate  concentrated  and  tested  for  tungsten  with  Zn:  no  indication  of 
tungsten  was  obtained  either  at  this  last  point  or  in  P.  43  or  44;  but  a 
strong  blue  color  resulted  at  the  end  of  P.  40.  Phosphate  was  present  in 
considerable  quantity  in  the  HC1  solution,  though  the  sulphide  precipitate 
had  been  thoroughly  washed;  also,  of  course,  in  large  quantity  in  the 
H2S04  filtrate. 

To  a  mixture  of  200  mgm.  Mo  as  (NH4)2Mo04  and  2  mgm.  W  as 
Na2W04,  and  to  one  of  400  mgm.  Mo  and  4  mgm.  W  in  H2S04  solution, 
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were  added  NH4OH  and  10  ccm.  (NH4)2S,  and  the  deep  orange-red  solu- 
tion digested  at  500  for  30  minutes,  and  then  treated  by  P.  39:  there 
resulted  a  black  precipitate  and  a  filtrate  which  was  colorless  with  the  first 
mixture,  pale  blue  from  the  second.  The  filtrate  was  treated  by  P.  40: 
no  precipitate  of  H2W04  remained  in  either  case.  That  from  the  second 
mixture  was  also  tested  with  Zn  and  KSCN:  a  pronounced  but  not  very 
strong  red  color  resulted. 

In  certain  test  analyses,  however,  where  molybdenum  and  tungsten  were 
both  present,  the  latter  was  found  only  in  the  filtrate,  and  there  in  large 
quantity  (see  T.  A.,  34,  36). 

1  mgm.  Mo  and  1  mgm.  Sn  in  H2S04  solution  were  separately  digested 
with  ro  ccm.  (NH4)2S,  and  the  solution  acidified  with  H2S04:  a  dark  brown 
or  yellowish  brown  precipitate  separated,  and  the  filtrate  was  colorless.  The 
filtrate  from  the  MoS8  was  evaporated  to  a  volume  of  3  ccm.,  and  Zn  and 
KSCN  added:   no  coloration  was  produced. 

100  mgm.  V  as  Na8V04  were  digested  with  (NH4)2S  as  in  P.  33  and 
35,  the  small  bluish  gray  precipitate  remaining  was  filtered  out,  and  the 
filtrate  treated  with  H2S04  by  P.  39 :  a  large  brown  precipitate  and  pale 
blue  filtrate  resulted,  showing  that  the  vanadium  was  divided. 

P.  40,  N.  3. —  1  mgm.  W  and  50  mgm.  P04  as  Na2HP04  were  added 
to  5  ccm.  HC1  (1.06)  and  Zn  added:  a  pronounced  blue  color  resulted. 

P.  41,  N.  1. — The  experiment  first  described  under  C.  E.,  G.  D.,  §  10 
was  repeated  with  300  mgm.  W  as  WS8,  with  100  mgm.  V  as  V2S6,  and  with 
100  mgm.  Mo  as  MoS8  in  separate  experiments,  except  that  the  sulphides 
were  ignited  in  a  H2S  atmosphere,  as  directed  in  P.  41,  before  heating  with 
the  HCl  (1.20),  the  crucible  being  heated  without  a  jacket  over  a  powerful 
burner:  there  was  no  darkening  whatever  of  the  Pb(C2H802)2  solution  in 
any  of  the  three  cases. 

300  mgm.  Sn  obtained  as  SnS2  by  acidifying  an  (NH4)2S  solution  were 
treated  by  P.  41,  the  crucible  being  heated  within  a  burnt-clay  jacket  for 
10  minutes  with  the  full  flame  of  a  powerful  burner:  almost  the  whole  mass 
(which  was  black  and  glistening)  dissolved  in  the  hot  HCl  (1.20),  there  being 
only  a  very  small  yellow  residue.  This  residue  was  washed  and  treated  with 
HN08  and  HCl,  the  solution  evaporated  twice  with  HN08,  and  the  residue 
treated  with  HN08(i.2d):  only  a  small  turbidity  remained. 

This  experiment  was  repeated  except  that  the  crucible  was  heated  without 
a  jacket  and  only  to  a  low  red  heat :  the  ignited  mass  was  mostly  yellowish, 
but  contained  some  black  particles,  and  it  left  a  large  residue  of  yellow  scales 
with  metallic  lustre  when  boiled  with  HCl  (1.20). 

This  experiment  was  repeated  except  that  the  crucible  was  heated  without 
a  jacket  to  the  highest  temperature  obtainable  with  a  powerful  burner :  it  was 
30  minutes  before  the  whole  mass  became  black;  after  boiling  with  HCl 
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(1.20)  for  20  minutes,  there  was  still  a  considerable  quantity  of  a  yellow, 
scaly  residue. 

A  mixture  of  300  mgm.  Sn  and  3  mgm.  W,  and  one  of  300  mgm.  Sn  and 
1  mgm*.  W,  obtained  as  sulphides  by  adding  H2S04  to  a  (NH4)2S  solution, 
were  treated  by  P.  41  and  43 :  a  considerable  yellow  residue  of  HaW04  was 
obtained  in  the  first  case,  and  a  small  but  unmistakable  one  in  the  second 
case. 

200  mgm.  Sb  as  precipitated  Sb2S6  were  treated  by  P.  41  and  42 :  the 
ignited  mass  consisted  of  a  black  button,  and  this  dissolved  completely  in 
the  HC1  (1.20)  upon  boiling  for  5  minutes. 

P.  42,  N.  1. —  1  mgm.  Sn  as  precipitated  SnSa  was  treated  by  P.  41  and 
42,  the  ignition  being  continued  for  25  minutes:  a  considerable  precipitate 
of  HgCl  was  produced. 

Separate  mixtures  of  300  mgm.  W  as  Na2W04  with  1  mgm.  Sn,  2  mgm. 
Sn,  4  mgm.  Sn  (in  two  experiments),  and  10  mgm.  Sn  as  SnCl4  were  treated 
with  NH4OH  and  (NH4)2S,  and  then  by  P.  39  and  41,  and  the  HC1  solution 
was  then  immediately  added  to  HgCl2  solution  :  no  precipitate  was  produced 
in  the  first  three  cases  (with  1-4  mgm.  Sn),  but  a  fairly  large  one  resulted  in 
the  last  case  (with  10  mgm.).  The  experiment  was  repeated  with  a  mixture 
of  300  mgm.  W  and  1  mgm.  Sn,  but  the  HC1  solution  was  treated  by  P.  42 : 
a  distinct  residue  of  Sn  and  a  decided  precipitate  of  HgCl  resulted. 

The  HC1  solutions  obtained  in  the  experiments  described  under  P.  41, 
N.  1,  by  heating  on  a  steam  bath  300  mgm.  W  as  ignited  WSa,  100  mgm.  V 
as  ignited  VS2,  and  100  mgm.  Mo  as  ignited  MoSa,  with  HC1  (1.20),  were 
added  to  HgCl2  solution :  not  even  a  cloudiness  resulted  in  any  of  the  cases. 
The  HC1  solution  obtained  by  boiling  the  ignited  Sb2S8  with  HC1  (1.20)  was 
added  to  HgCl2  solution :  a  large  precipitate  (of  SbOsH8)  separated,  but  this 
dissolved  completely  upon  adding  HC1. 

P.  43,  N.  1.  —  300  mgm.  Mo  obtained  as  MoS8  by  precipitation  from 
(NH4)2S  solution  by  HaS04  were  boiled  with  10  ccm.  HNOs  (i.xo)  :  appar- 
ently all  the  molybdenum  went  into  solution.  The  residue  was  washed  and 
treated  repeatedly  with  a  portion  of  NH4OH;  the  solution  was  acidified 
with  HC1  and  treated  with  Zn  and  KSCN :   no  red  coloration  appeared. 

A  mixture  of  2  mgm.  W  and  500  mgm.  Mo  in  HF  solution  was  treated 
by  P«  3»  5>  6>  33,  35,  39,  and  43 :  an  unmistakable  precipitate  of  H2W04 
was  obtained. 

100  mgm.  Mo  and  100  mgm.  V  as  ignited  sulphides  were  separately 
warmed  on  a  steam  bath  with  8  ccm.  HN08  (1.42)  and  2  ccm.  HC1  (1.20): 
in  2  minutes  the  residue  dissolved  completely.  The  molybdenum  solution 
was  evaporated  to  3  ccm.:   a  large  precipitate  separated. 

The  experiment  was  repeated  with  300  mgm.  W  as  ignited  WS2:  the 
black  residue  was  completely  converted  into  a  yellow  one  within  5  minutes. 
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In  regard  to  the  difficulty  of  separating  H2W04  completely  by  the 
addition  of  strong  acid  to  a  tungstate  solution,  see  Jannasch  and  Bettges, 
Ber.  ckem.  Ges.,  37,  p.  2225  (1904). 

P.  43,  N.  2. —  Mixtures  of  2  mgm.  W  as  Na2W04  and  100  mgm.  Mo 
as  (NH4)2Mo04  (in  two  experiments)  and  of  4  mgm.  W  and  100  mgm. 
Mo  were  treated  by  P.  35,  39,  40,  41,  and  43:  no  precipitate  of  H2W04 
was  obtained  in  any  case  from  the  H2S04  filtrate  tested  by  P.  40 ;  and  no 
precipitate  separated  from  the  HNO,  and  HC1  solution  of  the  ignited  sul- 
phides even  on  standing  over  night;  but  upon  evaporating  this  solution 
with  H2S04,  a  large  yellow  residue  separated  from  the  mixture  containing 
4  mgm.  W,  an  extremely  small  but  distinct  one  from  one  of  those  contain- 
ing 2  mgm.  W,  and  nothing  whatever  from  the  other  containing  2  mgm. 
even  on  standing  over  night. 

P.  44,  N.  1.  —  0.5  mgm.  W  as  NaaW04  was  added  to  2  ccm.  HC1  (1.12) 
and  a  few  granules  of  zinc  introduced:  a  strong  blue  coloration  appeared 
almost  immediately,  and  in  a  few  minutes  blue  flocks  separated  from  the 

* 

liquid.  The  color  persisted  for  at  least  15  minutes.  The  experiment  was 
repeated  with  2  mgm.  W :  an  intensely  blue  flocculent  precipitate  separated, 
and  on  filtration  the  mixture  yielded  a  perfectly  colorless  filtrate. 

To  10  mgm.  Mo  and  100  mgm.  Mo  as  (NH4)2Mo04,  dissolved  in  a  few 
drops  of  water,  2  ccm.  HC1  (1.12)  and  a  few  granules  of  zinc  were  added: 
in  each  case  the  solution  became  yellow  at  once,  then  dark  orange-yellow, 
next  dark  green,  and  finally  dark  olive  brown,  but  no  precipitate  formed 
except  after  long  standing ;  at  no  time  -was  a  blue  coloration  noticeable. 

100  mgm.  Mo  as  (NH4)2Mo04  were  dissolved  in  10  ccm.  water  and  0.5 
ccm.  HC1  (1.12)  added :  the  solution  soon  assumed  a  clear  blue  color,  which 
became  deep  blue  after  some  minutes. 
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Contributions  from  the  Laboratory  of  Sanitary  Chemistry. 

VI. 

THE  EXACT  ESTIMATION  OF  ATMOSPHERIC  CARBON 

DIOXIDE:   A  BRIEF  SURVEY. 

By  A.  G.  WOODMAN. 

Treatises  on  chemistry  almost  invariably  contain  in  the  text  the 
following  statement,  which  has  become  classical  and,  it  might  almost 
be  said,  official :  The  atmosphere  contains  a  small  quantity  of  carbonic 
acidy  varying  ordinarily  between  four  and  six  ten-thousandths  in  volume. 

This  dictum  of  past  chemical  authority  we  now  know  to  be  untrue, 
but  the  question  of  the  true  amount  of  atmospheric  carbon  dioxide 
has  been,  in  a  certain  measure,  so  difficult,  and  its  determination  has 
required  so  much  labor  and  thought,  that  it  has  seemed  of  interest 
to  present  briefly  a  historical  sketch  of  the  development  of  chemical 
knowledge  in  this  respect. 

The  existence  of  carbon  dioxide  in  the  air  was  first  demonstrated 
by  Dr.  Black,  of  Edinburgh,  probably  between  1752  and  1754.  In 
his  "  Lectures " l  he  says :  "  When  this  fluid  (lime  water)  is  exposed 
to  the  open  air,  the  particles  of  lime  which  are  at  the  surface  gradually 
attract  fixed  air  which  is  mixed  with  the  atmosphere.  ...  It  was 
evident  that  the  sort  of  air  with  which  the  lime  is  disposed  to  unite 
is'  a  particular  species,  which  is  mixed  in  a  small  quantity  only  with 
the  air  of  the  atmosphere.  To  this  particular  species  I  gave  the 
name  of  fixed  air." 

The  elder  De  Saussure,  in  his  observations  on  the  summit  of  Mont 
Blanc,  exposed  strips  of  paper  moistened  with  caustic  potash  solution 
to  the  air  for  one  and  a  half  hours  and  found  that  when  dry  they 
effervesced  briskly  with  acids. 

Alexander  von  Humboldt  (1797)  was  probably  the  first  chemist 
who  undertook  the  exact  determination  of  the  amount  of  atmospheric 


1  Lectures  on  the  Elements  of  Chemistry.     By  Joseph  Black,  M.D.,  Edinburgh,  1803. 
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carbon  dioxide,  and  since  his  time  the  problem  has  engaged  the  atten- 
tion of  many  chemists,  the  Journal  of  the  London  Chemical  Society 
alone  containing  over  120  references  to  the  subject.  Many  of  the 
results  obtained,  viewed  in  the  light  of  later-day  knowledge,  seem 
most  strange ;  the  conflict  of  opinion  has  at  times  been  extreme ;  and 
the  endeavor  to  simplify  the  requisite  apparatus  on  one  hand  and  to 
increase  the  accuracy  of  the  results  on  the  other  has  led  to  some 
rather  amusing  propositions. 

This  may  be  illustrated  briefly  by  one  or  two  examples  taken  from 
the  literature.  The  volume  of  air  considered  necessary  for"  the  deter- 
mination varies  from  the  30-cubic-centimeter  bottle  of  Haldane  to  the 
enormous  600-liter  aspirator  of  Reiset,  which  was  mounted  on  a  cart 
and  drawn  about  by  a  horse  from  place  to  place.  Even  for  a  given 
sample  of  air  of  definite  volume,  opinions  differ  greatly  as  to  the  time 
and  labor  necessary  to  collect  it.  Lebedinzeff,  for  example,  considers 
it  necessary  to  aspirate  200  liters  of  air  through  a  bottle  of  8  liters 
capacity  in  order  to  effect  a  complete  exchange  of  the  air,  while 
Dr.  Gill  finds  it  sufficient  to  fill  the  bottle  four  times  by  fifteen 
strokes  of  a  pair  of  bellows.  One  of  the  early  investigators, 
De  Saussure,  collected  the  air  in  a  glass  balloon  having  a  capacity  of 
about  45  liters,  and  absorbed  the  carbon  dioxide  by  means  of  barium 
hydroxide.  In  order  to  ensure  the  complete  absorption  he  allowed 
the  solution  to  remain  in  contact  with  the  air  for  two  months.  At 
length  De  Saussjure  became  convinced  that  so  long  a  time  was  unnec- 
essary, and  the  time  was  finally  reduced  to  one  hour.  Other  methods 
which  have  been  seriously  proposed  are  obviously  inaccurate  or  imprac- 
ticable. Dr.  Notter,  who  contributes  the  article  on  air  in  Stevenson 
and  Murphy's  standard  work  on  hygiene,  says:  "Perhaps  the  best 
plan  is  to  fill  a  jar  with  clean  water  and  empty  it  in  that  part  of  the 
air  space  it  is  desired  to  examine,  taking  care  to  allow  it  to  drain." 
The  capacity  of  the  bottle  is  given  as  1  gallon ;  it  is  obviously  impos- 
sible to  remove  all  of  the  water  by  draining,  yet  no  allowance  is  made 
for  it  in  the  subsequent  titration.  The  error  thus  introduced  is  about 
20  per  cent.,  and  for  most  hygienic  determinations  it  would  seem 
better  to  make  use  of  one  of  the  simpler  but  equally  accurate  methods 
than  one  which  needs  the  help  of  an  express  wagon  in  its  execution. 
Dr.  Louis  Parkes1  recommends  the  use  of  a  2-liter  glass-stoppered 
bottle,  which  is  to  be  filled  with  mercury  and  emptied  at  the  point  where 


1  Manual  of  Hygiene,  2d  ed.,  p.  260. 
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it  is  desired  to  collect  the  air.  To  even  the  most  casual  observer  it 
will  be  apparent  that  50  pounds  of  mercury  is  too  much  to  carry  about 
comfortably,  to  say  nothing  of  the  increased  danger  of  contaminating 
the  sample  by  the  greater  amount  of  exertion  and  labor  necessary  to 
collect  it.  Symonds  and  Stephens,  wishing  to  go  into  a  crowded  police 
court  and  collect  samples  of  air  within  a  few  feet  of  the  magistrate 
without  attracting  attention,  speak  of  carrying  several  liter  bottles  in 
their  pockets  and  2-liter  bottles  under  a  mackintosh.  While  the  writer 
does  not  wish  to  deny  the  possibility  of  thus  collecting  samples,  his 
experience  in  securing  air  samples  in  a  crowded  theater,  where  it  was 
necessary  to  avoid  attracting  attention,  leads  to  the  fear  that  the  atten- 
tion of  persons  near  the  collectors  was  not  wholly  devoted  to  the 
business  of  the  court.  Considerable  experience  leads  to  the  conclusion 
that  the  rapid  and  easy  collection  of  air  samples  in  public  places  is  a 
problem  not  yet  satisfactorily  solved. 

But  apart  from  the  amusing  side,  a  vast  amount  of  serious  con- 
sideration has  been  given  to  the  subject,  the  extent  of  which  may 
perhaps  best  be  comprehended  by  a  brief  review  of  the  work  of  some 
of  the  more  important  investigators  in  the  field. 

Since  the  earliest  crude  attempts,  all  chemical  methods  have  been 
based  on  the  absorption  of  carbon  dioxide  by  alkalies  and  alkaline 
earths.  It  may  be  the  diminution  in  volume  through  the  absorption 
of  the  carbon  dioxide  that  is  measured ;  the  carbon  dioxide  may  be 
separated  as  barium  carbonate  and  weighed ;  the  reduced  alkalinity  of 
the  absorbing  solution  may  be  determined ;  the  carbon  dioxide  may  be 
set  free  from  the  absorbing  solution  and  its  volume  determined  directly. 
All  of  these  methods  have  been  used  with  more  or  less  success.  For  a 
general  review  they  may  be  divided  into  two  groups :  (1)  those  in  which 
a  definite  volume  of  air  is  taken  for  the  analysis,  and  (2)  those  in 
which  a  large  volume  of  air  is  aspirated  through  the  apparatus.  Each 
division  includes  several  classes. 

Group  I.  (a)  Eudiometric.  —  The  direct  measurement  of  the  dim- 
inution in  volume  of  the  air  through  absorption  ot  the  carbon  dioxide 
has  been  employed  by  many  noted  observers,  among  them  being  Hum- 
boldt, Bunsen,  Regnault,  Lewy,  Frankland,  and  Macagno.  The  chief 
objection  to  its  use  is  that  it  is  not  sufficiently  delicate,  permitting,  as 
it  does,  a  possible  error  of  about  0.0002  of  the  total  volume,  where  the 
diminution  due  to  absorption  of  carbon  dioxide  is  but  0.0003  to  0.0004. 
A  simple  calculation  will  show  that  error  of  one-twentieth  of  a  milli- 
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meter  in  reading  the  mercury  scale  or  an  error  of  one-twentieth  of  a 
degree  in  temperature  changes  the  number  by  nearly  its  entire  value. 

(b)  Gravimetric.  —  De  Saussure,  whose  adventures  with  his  45 -liter 
glass  balloon  have  already  been  mentioned,  was  one  of  the  first  to 
determine  the  carbon  dioxide  gravimetrically.  He  poured  out  the 
mixture  of  barium  hydroxide  and  carbonate,  conscientiously  washing 
out  the  balloon,  filtered  the  whole,  washed  the  barium  carbonate  and 
then  weighed  it.  No  precautions  were  taken  to  avoid  contact  with 
the  carbon  dioxide  of  the  air  during  the  filtration  and  washing  of  the 
barium  carbonate,  such  refinements  of  accuracy  being  then  deemed 
unnecessary.  Later  observers  have  followed  the  same  lines;  but  on 
account  of  the  great  difficulty  in  preventing  contact  of  the  caustic 
solution  with  the.  air  during  the  various  operations,  their  results  are 
hardly  of  sufficient  importance  to  warrant  consideration  in  a  brief 
summary. 

(c)  Volumetric.  —  A  number  of  methods  have  been  proposed,  differ- 
ing from  one  another  in  details  of  apparatus,  but  all  based  upon  the 
general  idea  of  absorption  of  the  carbon  dioxide  in  a  known  amount 
of  standard  alkali  and  titration  of  the  excess  above  that  required  for 
the  ^absorption.  Glass  vessels  of  from  2  to  1 5  liters  capacity  have  been 
used,  in  which  the  air  is  allowed  to  stand  in  contact  with  the  alkaline 
solution  for  from  two  hours  to  a  week.  The  titration  of  the  excess 
of  alkali  may  be  carried  out  with  sulphuric  or  oxalic  acid,  employing 
various  indicators.  The  most  widely  known  of  these  methods  is  that 
of  Pettenkofer,  which  is  discussed  more  fully  below. 

Group  II.  Methods  requiring  the  use  of  aspirators  in  order  to 
bring  greater  quantities  of  air  into  contact  with  the  absorbing  solutions, 
used  more  especially  for  determining  the  carbon  dioxide  in  outdoor  or 
"  fresh  "  air. 

(a)  Direct  weighing  of  the  absorbing  apparatus.  —  This  method 
is  based  on  the  assumption  that  an  increase  in  weight  of  the  absorb- 
ing solution  is  due  solely  to  the  absorbed  carbon  dioxide.  There  are 
two  sources  of  error  in  this  unmodified  statement.  In  the  first  place, 
the.  absorbing  material  may  take  up  water  from  the  air  in  addition 
to  the  carbon  dioxide ;  and  second,  the  previously  dried  stream  of  air 
may  remove  water  from  the  absorbing  solution.  This  latter  source  of 
error  may,  however,  readily  be  avoided  by  drying  the  air  again  after 
passing  the  absorbent  and  noting  the  weight  of  water  obtained.  On 
account  of  its  simplicity  this  method  has  for  a  long  time  been  a  favorite 
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one,  especially  since  it  affords  opportunity  for  the  simultaneous  deter* 
mination  of  the  water  vapor  of  the  air. 

Brunner1  used  a  twice-bent  tube  about  a  foot  long,  the  first  half 
being  filled  with  calcium  hydroxide  to  absorb  the  carbon  dioxide,  and 
the  other  half  with  asbestos  moistened  with  sulphuric  acid  to  take 
up  the  water  lost  by  the  lime.  Others  at  different  times  have  used 
pumice  soaked  in  caustic  potash,  solid  potassium  hydroxide,  potash  or 
barium  hydroxide  solution  in  absorbing  bulbs  of  various  shapes  and 
degrees  of  efficiency. 

It  would  seem  that  this  might  be  made  into  a  simple  and  accurate 
method,  but  later -observers  have  pointed  out  its  un  trustworthiness. 
Hlasiwitz2  showed  that  the  amount  of  carbon  dioxide  was  much  too 
small  in  proportion  to  the  size  of  the  absorbing  vessels  (in  one  case 
the  total  surface  of  the  bulbs,  etc.,  which  had  to  be  weighed  was 
estimated  to  amount  to  7  square  meters),  so  that  accurate  weighing 
was  impossible  unless  a  great  quantity  of  air  was  used.  Hlasiwitz 
called  attention  also  to  the  fact  that  the  method  adopted  for  drying 
the  air  made  a  decided  difference.  The  Rogers  brothers  had  already 
shown  that  sulphuric  acid  absorbs  carbon  dioxide.  Calcium  chloride 
was  condemned  by  Hlasiwitz  after  he  had  shown  tHat  silver  nitrate  was 
rendered  turbid  by  air  which  had  been  passed  through  a  10-foot  tube 
containing  the  drying  agent.  Further,  he  remarked  that  potash  solu- 
tion absorbs  oxygen  as  well  as  carbon  dioxide.  It  was  shown  later  by 
Reiset  that  in  the  case  of  pumice  moistened  with  potash  this  was  due 
to  the  presence  of  manganous  and  ferrous  salts  in  the  pumice. 

(b)  Titrimetric.  —  This  method  was  used  first,  in  1857,  by  von  Gilm. 
Air  was  drawn  through  a  tube  a  meter  long,  bent  at  one  end  and  drawn 
out  at  the  other.  The  tube  was  inclined  and  contained  barium  hydrox- 
ide solution  as  the  absorbent.  In  order  to  control  the  completeness  of 
the  absorption,  flasks  of  the  same  solution  were  placed  between  the 
tube  and  the  aspirator.  Sixty  liters  of  air  were  drawn  through,  the 
solution  filtered,  the  barium  carbonate  converted  into  chloride,  ignited, 
and  the  chlorine  determined  by  titration  with  silver  nitrate.  From 
the  nature  of  the  case  only  very  dilute  barium  solution  could  be  em- 
ployed, which  rendered  complete  absorption  of  the  carbon  dioxide 
difficult.  The  only  way  to  avoid  this  was  to  aspirate  very  slowly, 
thus  increasing  the  time.     Hence  all  later  observers  have  endeavored 


iPogg.  Ann.,  1832,  p.  569. 
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to  bring  the  air  into  the  closest  possible  contact  with  the  absorbing 
solution.  This  has  best  .been  done  by  Reiset,  who  by  means  of  a 
comparatively  small  apparatus  has  been  able  to  absorb  the  carbon 
dioxide  completely  when  the  air  is  passed  at  the  rate  of  100  liters 
per  hour. 

To  test  the  completeness  of  the  absorption  most  observers  have 
used  barium  hydroxide,  noting  whether  or  not  it  remained  clear.  The 
correctness  of  this  procedure  depends,  of  course,  on  how  nearly  barium 
carbonate  is  insoluble ;  concerning  this  opinions  vary.  Kremers  found 
that  1  liter  of  water  dissolved  83  milligrams  of  barium  carbonate; 
Fresenius,  71  milligrams;  Bineau,  21  milligrams;  Schlosing,  18  mil- 
ligrams. The  difficulty  of  completely  absorbing  the  carbon  dioxide 
from  great  quantities  of  air  has  been  shown  by  Eliot  and  Storer. 
They  drew  156  liters  of  air,  at  a  rate  of  26-31  liters  per  hour,  through 
three  sets  of  absorption  apparatus,  provided  with  five  bulbs  each,  filled 
with  potassium  hydroxide,  and  found  that  lime  water  placed  after 
these  remained  perfectly  clear,  but  always  showed  traces  of  calcium 
carbonate  after  standing  twelve  hours.  (It  has  been  stated  recently 
th~tthis  action  is  due  to  the  very  gradual  oxidation  of  organic  matter 
in  the  alkali  itself.) 

(c)  Volumetric.  —  This  class  of  methods,  in  which  the  volume  of 
carbon  dioxide  is  measured  after  absorption  and  subsequent  liberation 
by  sulphuric  acid,  was  first  proposed  by  Tissandier  in  1875.  He 
used  it  for  the  collection  of  air  samples  during  a  balloon  ascension. 
The  method  was  worked  out  more  fully  later  by  Muntz  and  Aubin, 
who  absorbed  the  carbon  dioxide  in  glass  tubes  about  a  meter  long 
by  means  of  pumice  moistened  with  potash  solution.  After  the  aspi- 
ration of  a  definite  amount  of  air,. the  tube  was  sealed  off  and  taken 
to  the  laboratory,  where  the  gas  was  set  free  by  sulphuric  acid,  and 
measured  over  mercury  with  many  precautions  and  the  use  of  a  com- 
plex apparatus.  On  the  recommendation  of  Dumas  this  method  was 
employed  by  the  expedition  sent  by  the  French  Academy  of  Sciences 
to  Central  and  South  America  to  observe  the  transit  of  Venus  in  1882. 
Only  simple  operations  are  required  from  the  observer,  and  the  sam- 
ple can  be  subsequently  analyzed  in  the  laboratory  by  a  competent 
chemist. 

The  question  of  the  determination  of  atmospheric  carbon  dioxide 
possesses  value  beyond  that  of  its  mere  historical  development.  It  is 
of  very  great  interest  as  a  critical  study,  and  from  that  point  alone  it 
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would  well  repay  one  to  make  a  careful  study  of  the  literature.  Even 
a  hasty  glance  over  the  published  memoirs  reveals  many  facts  of 
interest. 

In  the  first  place,  attention  may  be  directed  to  the  tabulated  results 
of  two  observers. 


Duration  of  time. 

Observers. 

Number  observations. 

Carbon  dioxide  in  10,000. 

1828-1830 
1830-1856 
1856-1885 

1 

(Saussure) 

6 

22 

201 

322 

Over  4,000 

4.1 
3.6 
8.1 

Observations  of  Th.  Saussure  over  a  Period  Covering  Twenty-two  Years. 


Time. 

Number  observations. 

Carbon  dioxide  in  10,000. 

1809-1815 

6 

6.0 

1816-1828 

? 

4.9 

1827-1830 

227 

4.1 

1827 

26 

5.1 

1828 

64 

4.4 

1829 

135 

4.0 

1830 

2 

3.7 

Schultze  also,  from   1863  to   1871   (with  one  break  of  four  years), 
made   daily  determinations   of   carbon   dioxide  in  the  air  of   Rostock. 


Time. 

Number  observations. 

Carbon  dioxide  in  10,000. 

1863-1864 
1868-1871 

431 
1,034 

3.64 
2.92 

These  results  are  typical  of  many,  and  it  may  be  said  in  general  that 
the  later  results  of  all  observers  are  lower  than  their  earlier  ones.  It 
is  a  fair  assumption  that  the  methods  have  been  gradually  improved, 
and  that  the  later  results  are  more  nearly  correct.     The  cause  of  the 
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great  difficulty  lies  in  the  nature  of  the  task.  It  is  necessary  to  esti- 
mate accurately  a  portion  which  makes  up  only  three  ten-thousandths 
of  the  body  examined.  An  error  which  amounts  to  only  one-millionth 
of  the  total  changes  the  value  by  nearly  1  per  cent.  Hence  a  study  of 
the  sources  of  error  is  most  important. 

Among  forty  of  the  early  workers  (before  1887),  only  two  made 
experiments  to  determine  the  total  of  all  sources  of  error.  In  both 
cases  (von  Gilm,  1875,  and  Muntz  and  Aubin,  1882)  the  observers 
added  to  air  free  from  carbon  dioxide  a  known  amount  of  the  gas  and 
determined  it  by  the  method  used.  Von  Gilm  used  60  liters  of  air  in 
which  he  had  found  as  the  average  of  nineteen  determinations  0.0490 
gram  of  carbon  dioxide  (4.15  parts).  In  the  control  experiment,  to  air 
free  from  carbon  dioxide  he  added  0.0449  gram  of  carbon  dioxide  and 
found  0.04475  gram.  He  was  therefore  satisfied  that  his  method 
possessed  a  high  degree  of  accuracy.  It  is  today,  however,  known 
beyond  a  doubt  that  60  liters  of  "  fresh  air  "  contain  0.0354  gram  of 
carbon  dioxide,  and  according  to  this  his  results  were  38.3  per  cent, 
too  high.  He  must  of  necessity,  then,  have  made  an  error  in  his  gas 
mixture  equal  to  the  error  in  the  determination,  and  opposite  in  direc- 
tion. It  so  happened  that  von  Gilm's  results  agreed  almost  perfectly 
with  those  of  Saussure  (4.1),  which  were  then  generally  considered 
correct.  These  two  facts  alone  have  greatly  hindered  the  development 
of  the  truth  concerning  the  amount  of  carbon  dioxide  in  atmospheric 
air.  Thus  Pettenkofer,  introducing  his  now  well-known  method  in 
1858,  tested  it  by  parallel  determinations  with  the  method  of  von 
Gilm,  and  was  satisfied  with  the  accuracy  of  his  procedure.  Following 
this  came  the  nearly  universal  and  widespread  use  of  the  Pettenkofer 
method. 

Various  observers  have  determined  the  error  due  to  the  separate 
operations  in  the  procedure.  Thus  the  influence  of  the  various  errors 
in  the  weighing ;  the  delicacy  of  the  different  indicators  used  in  titrat- 
ing; the  completeness  of  the  absorption,  etc.,  have  all  been  critically 
studied.  Most  observers,  however,  have  been  content  to  make  parallel 
experiments  with  the  same  method,  which  would  tell  of  occasional 
errors  but  not  of  some  constant  error  of  the  method. 

For  example,  one  of  the  earliest  people  to  make  quantitative  deter- 
minations of  carbon  dioxide  was  Alexander  von  Humboldt.  After 
describing  the  apparatus  that  he  used,  he  goes  on  to  speak  of  the 
necessity  for  knowing  the  possible  sources  of   error,  and  states  that 
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as  a  result  of  many  experiments  "  on  the  same  air  in  different  tubes  " 
he  is  assured  that  his  results  cannot  differ  from  the  true  amount  by 
more  than  0.003.  From  our  present  knowledge  it  is  apparent  that 
the  possible  error,  or  rather  the  probable  error  in  this  case,  was  about 
ten  times  the  amount  of  the  quantity  to  be  determined. 

It  might  almost  be  said  that  the  fact  that  most  of  the  early 
observers  neglected  certain  fundamental  principles  of  quantitative 
analysis  is  the  reason  why  our  knowledge  of  the  carbonic  acid  con- 
tent of  the  air  is  so  slight  in  comparison  with  the  time  and  labor  that 
have  been  spent  upon  it. 

The  determination  of  carbon  dioxide  in  outside  or  "fresh  air"  is 
by  no  means,  however,  the  only  case  in  which  the  determination  is  of 
value ;  perhaps  it  is  not  even  the  most  important.  The  determination 
of  carbon  dioxide  in  the  air  of  enclosed  spaces,  in  dwelling  rooms  and 
halls,  is  of  great  value  as  a  means  of  determining  the  efficiency  of 
systems  of  ventilation ;  lately  as  a  method  for  showing  the  overcrowd- 
ing of  workrooms  through  the  vitiation  of  the  air,  it  has  become  of 
legal  importance. 

For  these  purposes  the  aspiration  of  large  quantities  of  air  is  imprac- 
ticable ;  furthermore,  since  the  proportion  of  carbon  dioxide  in  confined 
air  is  almost  invariably  higher  than  in  outside  air,  such  methods  are 
unnecessary.  In  such  cases  it  is  customary  to  collect  a  small  sample 
of  air,  from  2  to  10  liters,  and  to  examine  it  by  some  modification  of 
the  so-called  Pettenkofer  method.  Since  this  method  is  so  generally 
used,  a  few  words  concerning  it  may  not  be  out  of  place  here. 

The  fundamental  principle  of  what  is  now  known  as  the  Pettenkofer 
method  is  extremely  simple.  A  definite  sample  of  air  is  collected, 
usually  in  a  glass  bottle,  the  carbon  dioxide  is  absorbed  by  lime  water 
or  by  barium  hydroxide,  and  the  excess  of  alkali  is  determined  by  titra- 
tion with  standard  acid,  using  a  suitable  indicator.  The  idea  was  not 
original  with  Pettenkofer.  Dalton  and  his  pupils,  Hadfield  and  Watson, 
had  already  described  a  method  in  which  they  collected  air  in  a  glass 
globe,  absorbed  the  carbon  dioxide  in  lime  water,  filtered  and  washed 
the  precipitated  chalk,  and  titrated  the  excess  of  lime  water  with  dilute 
sulphuric  acid. 

These  investigations  were  either  not  generally  known  or  had  been 
forgotten  when  Pettenkofer  published  his  method  in  1858;  but  it  is 
clear  that  the  principle  of  his  method  had  been  anticipated. 

Most  text-books  describe  as  Pettenkofer*  s  a  method  which  was  not 
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his  and  which  lacks  many  of  the  safeguards  that  he  adopted.  In  the 
method  as  first  described,  Pettenkofer  used  a  bottle  closed  by  rubber, 
and  titrated  the  solution  directly  through  a  small  tube,  letting  down 
a  piece  of  turmeric  paper  from  time  to  time  through  another  tube. 
He  drove  the  air  into  the  bottle  by  a  bent  tube,  which  was  so  arranged 
that  it  could  be  pointed  in  any  direction  in  which  it  was  desired  to  col- 
lect the  sample ;  but  as  the  tube  was  only  6  inches  long,  it  didn't  make 
much  difference  about  changing  the  direction.  Angus  Smith  used  a 
confectioner's  jar,  into  which  he  could  put  his  hand  to  clean  it. 

This  method  possesses  many  distinct  advantages.  It  demands  but 
little  in  the  way  of  apparatus,  and  requires  but  little  time  for  its  exe- 
cution ;  it  tells  the  condition  of  the  air  at  a  given  moment ;  it  is  suffi- 
ciently simple  to  avoid  many  of  the  errors  on  the  part  of  the  observers 
due  to  the  more  difficult  manipulation  of  other  methods.  Some  such 
method  is  much  to  be  desired,  on  account  of  the  uncertainty  of  complete 
absorption  in  the  aspiration  methods. 

On  account  of  this  very  simplicity  of  apparatus  and  procedure  the 
method,  however,  is  open  to  several  serious  sources  of  error.  Contact 
of  the  breath  of  the  operator  or  of  the  air  of  the  laboratory,  often 
rich  in  carbon  dioxide,  with  the  absorbing  solution ;  the  action  of  the 
alkaline  solutions  upon  the  glass  of  the  bottles,  used  for  collection; 
incomplete  removal  of  barium  carbonate  before  titrating  for  the  excess 
of  alkali  —  all  of  these  vitiate  the  accuracy  of  the  results.  It  has  been 
claimed  that  the  use  of  rubber  stoppers  in  closing  the  bottle  leads  to 
incorrect  results,  since  rubber  absorbs  carbon  dioxide  and  also  gives 
off  the  same  substance  through  oxidation,  this  latter  action  taking  place 
with  especial  ease  in  the  presence  of  alkaline  solutions. 

It  is  possible,  however,  to  avoid  these  sources  of  error  by  suitable 
arrangements,  although  thereby  increasing  very  considerably  the  delicacy 
of  manipulation  necessary  and  the  complexity  of  the  apparatus.  This 
has  been  done  by  several  observers,  and  with  notable  success  by  Letts 
and  Blake.1  A  brief  outline  of  the  precautions  which  they  found  it 
necessary  to  adopt  will  best  illustrate  this  point. 

The  receivers  used  for  the  collection  of  the  samples  were  5 -liter 
flasks  heavily  coated  on  the  inside  with  paraffin  wax.  The  samples 
were  collected  by  an  air  pump  through  a  rubber  tube  15  feet  long,  in 
order  that  the  sample  should  not  be  drawn  from  within  the  area  of 
contamination.     The   stock  bottle  for  the  barium  hydroxide  and   the 


1Proc.  Royal  Dublin  Soc,  9,  107  (1900). 
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pipette  used  to  measure  the  charge  of  alkali  were  both  coated  with 
paraffin.  The  charge  was  run  into  the  bottle  in  such  a  way  as  to 
avoid  all  contact  with  the  air,  and  the  bottle  rolled  on  its  side  at 
intervals  for  two  or  three  hours  in  order  to  absorb  the  carbon -dioxide. 
After  the  absorption  was  complete,  the  solution  was  drawn  off  by  suc- 
tion into  a  receiver  exhausted  of  air,  and  the  large  flask  washed  out 
several  times  in  the  same  way  with  water  free  from  carbon  dioxide. 
The  titration  was  carried  out  in  the  exhausted  receiver,  using  dilute 
acid  in  narrow  burettes  of  special  design.  With  careful  work  it  was 
f o"und  possible  to  secure  results  agreeing  within  two  or  three  hundredths 
of  a  part  in  ten  thousand  on  outdoor  air.  The  results  on  known  mix- 
tures which  contained  carbon  dioxide  in  about  the  proportion  in  which 
it  exists  in  fresh  air  also  showed  satisfactory  agreement. 

As  to  the  proportion  of  atmospheric  carbon  dioxide  and  its  varia- 
tions, comparatively  few  deductions  may  be  drawn  from  the  mass  of 
material  which  has  been  gathered.  A  not  inconsiderable  portion  of  the 
numerous  researches  have  served  but  for  this :  that  the  earlier  errors 
were  removed.  Furthermore,  it  is  only  by  viewing  the  matter  from 
a  point  sufficiently  far  withdrawn,  both  in  time  and  prejudice,  that  a 
satisfactory  estimate  of  the  subject  may  be  made.  Conclusions  drawn 
from  individual  work  are  dangerous.  Levy,  for  instance,  in  1847, 
found  that  the  air  over  the  ocean  contained  more  carbon  dioxide  than 
the  air  over  the  land.  Thorpe,  in  1866,  found  that  the  condition  was 
exactly  the  opposite. 

The  conditions  attending  the  collection  of  samples  vary  so  that  reli- 
ance can  be  placed  only  on  the  average  of  many  analyses.  During 
Reiset's  examination  of  the  air  near  Dieppe,  he  says :  "  The  presence 
of  a  flock  of  300  sheep  in  the  neighborhood  of  the  apparatus  during 
a  fine,  calm  day  was  revealed  by  a  notable  augmentation  in  the  pro- 
portion of  the  carbonic  anhydride;  3.178  volumes  were  obtained  in 
10,000.     (The  average  for  Dieppe  was  found  to  be  2.963  volumes.) 

Differences  due  to  strictly  local  causes  may  be  very  noticeable. 
Russell,  as  the  result  of  a  study  lasting  for  two  and  one-half  years, 
found  the  average  amount  of  carbon  dioxide  in  the  air  of  London, 
exclusive  of  the  days  on  which  there  were  fogs,  to  be  four  parts  per 
10,000  as  against  three  in  the  country.  The  two  lowest  results,  three 
and  three-tenths  parts,  were  found  in  two  successive  years  on  the 
"Bank  Holiday,"  when  many  of  the  clerks  were  out  off  the  city  for 
the  day. 
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The  chief  sources  of  the  atmospheric  carbon  dioxide  are :  combus- 
tion, putrefaction  and  decay,  fermentation,  all  of  which  are  more  or 
less  temporary;  volcanic  and  subterranean  fires,  which  are  the  most 
important  permanent  sources.  Sources  of  absorption  are  the  weather- 
ing of  rocks,  change  of  silicates  to  carbonates,  the  formation  of  corals. 
As  regulating  agencies  we  have  the  reciprocal  action  of  plants  and 
animals  and  the  more  or  less  automatic  action  of  the  oceans,  which 
absorb  carbon  dioxide  to  form  bicarbonates  and  give  it  off  again  with 
increase  of  temperature. 

It  may  be  stated  as  a  general  conclusion  that,  so  far  as  our  present 
knowledge  goes,  the  average  amount  of  carbon  dioxide  in  fresh  air  is 
very  close  to  three  parts  in  fOfOOO.  From  this  average  amount  there 
is,  however,  a  constant  variation,  due  to  causes  both  local  and  general. 
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VII. 
NOTES   ON  OSCILLARIA    PROLTFICA  (Grevt'lle). 

By  ISABEL  F.  HYAMS  and  ELLEN  H.  RICHARDS. 

Third  Paper:   Coloring  Matters. 

The  composition  and  character  of  the  cell  contents  of  this  plant 
possess  renewed  interest  in  the  fact,  apparently  substantiated,  that 
its  protoplasm  is  rendered  inert  by  copper  sulphate,  and  therefore  it 
belongs  to  the  group  of  Cyanophycae  which  may  be  removed  from 
water  supplies.1 

As  has  been  shown  in  this  journal  (XIV,  p.  302,  and  XV,  p.  308), 
the  optimistic  temperature  of  its  growth  is  640  to  66°,  and  each 
spring,  for  fifteen  years,  Jamaica  Pond  has  become  more  or  less  opaque 
with  its  threads  within  a  few  days  after  the  water  becomes  warm 
enough,  the  maximum  amount  occurring  in  from  two  to  three  weeks, 
culminating,  in  every  normal  season,  in  one  or  two  days,  never  more, 
when  the  plant  comes  to  the  surface  after  a  day  of  rapid  growth,  buoyed 
up  by  the  gas  bubbles  formed  during  the  night.  This  never  happens 
except  the  air  temperature  of  8o°  and  over  is  accompanied  by  a  bright 
sun  and  quiet  water.  When  this  proliferation,  as  it  were,  has  taken 
place,  the  long  fibers  break  up  as  shown  in  this  journal  (XIV,  p.  308). 

From  1895  until  this  season,  filaments  of  various  lengths  could  be 
found  in  deep  water  and  on  the  slimy  stones  at  1  to  2  feet  in  depth 
at  all  seasons ;  and  in  a  cool  August  a  second  growth  took  place,  not 
as  vigorous  nor  of  the  purple  or  even  bright  green  color,  but  yet 
sufficient  to  give  a  decided  scum  of  dirty  greenish  white. 

In  September  the  round,  spore-like  bodies  are  formed,  some  years 
in  considerable  abundance,  but  always  few  in  comparison  with  the 
amount  of  the  plant  in  the  water.     In  certain  seasons,  under  favorable 


1  Bulletin  64,  Bureau  of  Plant  Industry,  United  States  Department  of  Agriculture. 
Reports  of  Massachusetts  State  Board  of  Health,  1903,  1904. 
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Mounted  at  the  Manhattan  Trade  School  for  Girls. 
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conditions,  they  appear  to  start  growing  new  filaments  in  October,  and 
in  that  case  there  may  be  less  abundant  growth  the  next  spring. 

In  1902  the  conditions  were  unfavorable  (this  journal,  XV,  p.  315), 
but  in  1903  an  unusually  luxuriant  growth  occurred,  showing  that 
the  presence  of  the  geese  and  swans  had  not  changed  the  character 
of  the  food  supply.  It  was  estimated  that  at  least  100  barrels  of  the 
solid  scum  might  have  been  obtained  in  these  two  days,  yielding  nearly 
a  ton  of  the  dried  plant  in  a  nearly  pure  condition. 

The  copper  sulphate  was  applied  September  23,  1903,  not  at  the 
time  of  greatest  growth  of  the  plant,  May  12  and  20,  but  at  the 
"  spore  "  forming  time ;  arid  it  would  seem  as  if  the  young  plants,  as 
well  as  the  broken  filaments,  absorbed  and  were  killed  by  the  solu- 
tion, since  on  October  5,  6,  and  7,  a  considerable  film  of  the  algae 
came  to  the  surface  bleached  nearly  white,  but  containing  copper  in  a 
considerable  quantity. 

The  filaments  were  narrow,  like  young  ones,  although  they  may 
have  shrunken ;  yet  this  siliceous  skeleton  holds  its  shape  through  all 
kinds  of  chemical  treatment  except  that  with  strong  potassium  hydrate. 

From  the  time  of  the  throwing  up  of  this  film  only  a  few  threads 
have  been  found  in  the  water.  They  were  not  found  on  the  bottom, 
as  usual  in  the  winter;  and  only  a  few  grew  in  April  and  May,  1904, 
and  none  have  been  found  since  May  23;  many  samples  of  2  liters 
each,  taken  at  frequent  intervals,  have  shown  none  at  all. 

As  was  stated  in  this  journal  (XIV,  1901,  p.  310),  in  early  spring 
the  first  filaments  are  yellow  to  dirty  greenish  white;  then  when 
growing  more  freely,  are  blue  green ;  and  when  luxuriant,  or  when- 
ever the  growth  is  rapid,  a  deep  rich  chocolate  with  a  reddish  tint 
(Plate  I,  No.  1);  whereas  later  in  the  season,  when  there  is  little 
growth,  the  color  is  a  bright  blue  green  (No.  4). 

When  the  plant  is  allowed  to  dry  exposed  to  air  and  light  in  a 
thin  layer,  as  on  the  rocks  of  the  shore  or  on  paper  or  cloth,  it  takes 
on  a  beautiful  violet  tint  (No.  3)  after  a  few  days.  No  means  yet 
tried  has  availed  to  produce  this  color  artificially,  either  in  the  plant 
or  from  any  extract.  The  tint  varies  in  purity  and  richness  with  the 
quantity  of  the  red  coloring  matter  present  in  the  alga  at  the  time  of 
collection,  and  therefore  bears  some,  as  yet  undetermined,  relation  to 
the  latter. 

If  the  drained  but  moist  mass  is  allowed  to  stand  in  glycerine  in 
a  cool  place  for  a  month  or  more,  a  rich  red  violet  (No.  2)  appears  all 
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through  the  plant  filaments,  probably  in  the  granules,  enclosed  in  or 
adhering  to  the  septa  •  "  stores  of  reserve  material." l  Only  a  small 
portion  of  the  color  goes  into  solution  in  the  glycerine.  No  other 
solvent  has  been  found  which  will  extract  this  color  unchanged.  This 
solution  is  red  violet  (Nos.  2  and  3)  by  transmitted  light,  and  orange 
red  (No.  1)  by  reflected  light.  Aluminum  hydrate  forms  a  brilliant 
lake,  but  neither  silk  nor  wool  takes  up  the  color. 

Treatment  of  the  fresh,  moist  or  quickly  dried  —  unfermented  — 
substance  by  gasoline  or  petroleum  ether  yields  the  usual  phyllocyahin 
and  phylloxanthin  (phycocyanin  and  phycoxanthin  of  some  authors2), 
and  what  appears  to  be  an  unusual  amount  of  a  dark  green  oil,  prob- 
ably the  chloroglobine  of  de  M.  Tsvett.8  Nadson4  claims  that  the 
phycocyanin  of  the  oscillarias  is  most  nearly  allied  to  phycoerythrin, 
and  belongs  to  the  group  of  hydrochromes. 

If  the  substance  treated  is  fresh  and  moist,  these  forms  of  green 
coloring  matter  carry  with  them  in  suspension,  if  not  in  solution,  in 
the  gasoline  a  beautiful  red  color,  which  on  long  standing  in  a  sepa- 
ratory  funnel  protected  from  the  light  deposits  red  crystalline  forms, 
elongated  octahedrons.  The  color  (No.  5)  is  left  in  an  amorphous  form 
if  the  solution  is  evaporated  and  then  taken  up  with  fresh  gasoline. 
The  red  color  coagulates,  as  it  were,  and  becomes  insoluble.  Further 
treatment  by  boiling  alcohol  or  chloroform  yields  an  orange-red  solu- 
tion (No.  6)  (also  a  dye  for  silk  and  wool),  which  under  certain  con- 
ditions deposits  brilliant  iridescent  plates  of  the  red  color. 

The  addition  of  sodium  acetate  to  the  alcoholic  solution  leaves  on 
evaporation  red  crystals  which  dye  silk  and  wool  (No.  5).  This  may 
be  Chodat's  myxoporhyrin,6  which  he  considers  as  probably  identical 
with  Sorby's  pink  phycocyanin.  Professor  Chodat  has  studied  the 
rare  oscillaria  rubescens  which  appears  occasionally  (in  warm  seasons) 
on  the  surface  of  Lake  Morat,  in  Switzerland,  in  such  quantity  as  to 
impart  a  pink  color  to  the  water.  Harvey  6  claims  that  the  microscopic 
alga  (trichodesmium  erythroeum)  which  occasionally  flourishes  in  such 


1  F.  A.  Marx,  Jour..  Royal  Micro.  Soc,  1893. 

2  M.  N.  Montverde,  Acta  Hort.  Petropol,  1890,  pp.  123-178. 
8Compt.  Rendus,  CXXXIX,  1899,  pp.  607-610. 

♦Scripta  Botanica,  IV,  1892.     Bot.  Cent.  Vt.,  LIII,  p.  315;  LV,  p.  72. 

5  Jour,  de  Bot.  (Morot),  1896,  pp.  341-349,  405-409.     Jour.  Royal  Micro.  Soc,  1897. 

6  William  H.  Harvey,  Contributions  to  a  History  of  the  Marine  Algae  of  North  Amer- 
ica.    Smithsonian  Contributions  to  Knowledge. 
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quantities  in  the  Arabian  Gulf  as  to  redden  the  sea  for  many  miles, 
and  which  probably  gave  it  its  name,  is  allied  to  the  oscillaria,  and 
that  it  has  similar  motive  power. 

Lankester  has  studied  bacterio-purpurin  from  violet-colored  bacteria 
which  exhibit  great  avidity  for  light  The  pigment  in  this  case  is  said 
to  occur  exclusively  within  the  cells  in  the  part  of  the  contents  imme- 
diately adjoining  the  walls. 

The  relation  of  color  to  plant  metabolism  is  receiving  attention  in 
various  quarters.  Schunck  for  many  years  worked  on  the  components 
of  chlorophyll  and  isolated  from  it  a  red-colored  substance  having  maiiy 
of  the  characteristics  of  haemoglobin. 

It  is  the  red  color  which  has  most  strongly  fixed  our  attention,  for 
two  reasons:  red  is  rarely  found  among  the  algae,  and  there  seems 
to  be  good  reason  to  suppose  that  in  this  substance  there  lies  at  least 
one  of  the  keys  to  the  process  of  plant  metabolism,  as  we  shall  now 
endeavor  to  show. 

The  chlorophyll  of  the  algae  appears  to  be  identical  with  that  of 
other  green  plants,  although  the  relative  proportions  of  erythrophyll,1 
xanthophyll,  cyanophyll  vary  more  widely.  These  early  names  mean 
groups  rather  than  definite  substances,  and  only  in  recent  years  have 
the  studies  of  the  Schuncks  and  Marchlewski  shown  that  more  definite 
substances  may  be  obtained.  They  say2  that  a  product  deserves  the 
name  of  chlorophyll  only  if  it  yields,  under  the  influence  of  acids, 
phylloxanthin  and  phyllocyanin. 

The  same  authors  8  seem  to  have  demonstrated  that  from  chlorophyll 
may  be  derived  a  color  stuff  —  phyllophyrin  —  which  in  composition  and 
chemical  characters  stands  very  close  to  haematoporphyrin,  an  iron-free 
color  stuff  found  in  the  blood  of  man  and  animals,  C16H18N20.  The 
spectra  of  these  two  substances  also  are  identical,  thus  bringing  into 
close  relation  the  portion  of  living  matter  common  to  both  animal  and 
vegetable  life. 

While  it  has  long  been  recognized  that  chlorophyll  is  of  high  bio- 
logical significance,  because  upon  it  or  upon  one  of  its  components 


1  Phycoerythrin,  Kiitzing,  Algae.    Leipsic,  1843. 

2  Jour,  of  Chem.  Soc.,  September,  1900. 

8  Dr.  Schunck,  A  Rlsume*  of  the  Researches  into  the  Nature  and  Constitution  of 
Chlorophyll  since  1889,  Ann.  Bot.,  VI,  1892,  pp.  231-244.  C.  A.  Schunck,  Jour.  Micro. 
Soc,  1 893- 1 899;  Pro.  Royal  Soc,  LXV,  1899,  pp.  177-186;  and  Ed.  Schunck,  Annalen, 
1895,  PP*  2^4»  8i,  I07*  Leo  Marchlewski,  Jour.  Pro.  ChemM  1898,  II,  pp.  57-330,  334; 
Jour.  Pro.  Chem.,  1899,  pp.  91-96.  Leo  Marchlewski  and  C.  A.  Schunck,  Jour.  Chem. 
Soc,  September,  1900. 
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depends  the  metabolism  of  the  plant  —  its  carbon  assimilation  —  these 
late  investigations  renew  the  somewhat  waning  interest  in  this  group 
of  substances.  The  authors  venture  to  suggest  the  theory  that  this 
red  substance,  which  they  have  tentatively  named  rubescin  (from  oscil- 
laria  rudescens),  is  an  important  factor,  if  not  the  chief  one,  in  the 
vigorous  growth,  of  plant  life.     It  may  be  stated  as  follows :  — 

Good  red  blood  and  a  portion  of  red  in  the  chlorophyll  of  green 
plants  wherever  found  seem  to  indicate  robust  life. 

Every  observer  will  recognize  the  very  marked  instance  given  by 
the  quick  and  vigorous  growth  of  young  shoots  of  oak,  maple,  and 
several  other  trees  and  shrubs  growing  up  in  a  sunny  clearing  in  the 
forest,  where  the  food  is  abundant.  These  quickly  growing  ends  are 
frequently,  if  not  generally,  red.  The  richness  of  the  June  growth 
in  comparison  with  the  delicate,  more  transparent  yellow  of  May  is 
apparently  also  due  to  this  red  substance. 

The  association  of  the  red  color  with  vigor  of  growth  seems  to  be 
well  worth  studying  further.  To  the  authors'  knowledge  this  has  not 
been  suggested,  and  indeed  would  have  had  no  reason  to  be  before 
the  discovery  of  the  close  relation  to  the  haemoglobin  of  animal  blood. 

An  admirable  summary  of  facts  and  theories  is  given  by  Miss 
F.  Grace  Smith1  in  a  study  of  the  distribution  of  red  color  in  the 
stems,  leaves,  and  other  vegetative  parts  of  plants.  Her  conclusions 
that  the  joints  of  stems,  the  uppsr  surface  of  leaves,  exposed  parts  of 
plants  in  dry,  sunny  places,  are  generally  red,  admit  of  our  theory  that 
the  presence  of  visible  red  indicates  the  rapidity  of  growth,  the  always 
present  nitrogenous  substance  being  naturally  more  abundant  and  there- 
fore noticeable  when  the  process  of  assimilation  is  at  its  best.  The 
same  thing  is  very  marked  in  the  purple  or  copper  beech,  which  goes 
through  several  stages  of  coloration  in  the  course  of  the  season.  First 
a  delicate  yellow  brown,  then  red  and  deep  purple,  and  finally  a  bluish 
green,  except  in  the  most  exposed  situation,  where  the  leaves  retain  the 
red  color  until  quite  late.  This  is  the  only  case  which  seems  to  us  to 
countenance  the  theory  that  the  red  is  a  protective  device,  for  trees 
not  exposed  to  the  strongest  sunlight  lose  their  color  quite  early  in  the 
season. 

From  this  point  of  view  it  is  instructive  to  compare  the  analyses 
of  young 'and  of  fully  grown  specimens  of  oscillaria. 


1  On  the  distribution  of  red  color  in  vegetative  parts  in  the  New  England  Flora. 
Bot.  Gazette,  XXXII,  November,  1901,  p.  332. 
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1 

I .    Very  pure  young  threads. 

II.    Fully  grown  (see  Figure  1). 
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Herr  J.  Tammes1  concludes  that  the  pigment  of  the  plastids  from 
green  leaves  and  from  blue-green  algae,  etc.,  agrees  in  all  its  chemical 
and  physical  properties  with  the  carotin  of  the  carrot,  which  he  has 
studied.  .  He  further  states  that  this  substance  is  an  invariable  accom- 
paniment of  chlorophyll  in  the  plastids  of  all  parts  of  plants  which  are 
capable  of  carbon  dioxide  assimilation. 


Plate  II.  —  Filament  of  Oscillaria  Prolifica,  Magnified  (?). 


During  the  periods  of  rapid  growth  and  excess  of  red  color  in  the 
oscillaria  the  water  of  Jamaica  Pond  loses  its  free  carbon  dioxide 
completely  and  becomes  alkaline. 

The  percentage  composition  of  the  red  color  has  not  yet  been 
determined  with  certainty,  but  it  contains  nitrogen  and   sulphur  and 


1  Jour.  Royal  Micro.  Soc.,  1900,  p.  599;  and  Flora,  LXXXVII,  1900,  pp.  205,  247. 
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appears  to  be  of  an  albuminous  nature.  It  apparently  yields  skatol, 
or  a  very  closely  related  body  —  a  substance  which  to  the  authors' 
knowledge  had  not  been  found  from  purely  vegetable  decomposition 
previous  to  their  identification  of  it  in  1897.  The  colors  given  by 
two  of  its  derivatives  are  shown  in  No.  2  and  No.  5.  The  discussion 
of  this  and  another  most  interesting  substance,  a  saponin-like  con- 
stituent, is  reserved  for  a  future  paper. 

Plate  II  shows  a  late  photograph  taken  by  Mr.  Louis  S.   Brown,  of 
the  Massachusetts  General  Hospital. 
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VIII. 
PERMANENT  STANDARDS  IN   WATER  ANALYSIS. 

By  LILY  MILLER  KENDALL  and  ELLEN  H.  RICHARDS. 

Every  chemist  has  noted  with  regret  the  hours  that  are  consumed 
in  preparing  the  various  color  standards  for  comparison,  now  so  uni- 
versally used  for  the  determination  of  the  small  amounts  of  ammonia, 
•nitrites,  nitrates,  and  other  substances  occurring  in  water. 

Nearly  every  analyst  has  tried  to  minimize  this  time  expended  by 
some  mineral  solutions  of  his  own  or  others'  devising,  which  will  keep 
indefinitely  and  be  always  ready. 

There  are  two  insurmountable  obstacles  to  perfect  success;  first, 
that  such  pure  or  mixed  solutions,  frequently  strongly  acid,  have  a  clear- 
ness and  brilliancy  of  tone  which  the  complex  sample  to  be  matched 
never  possesses;  and  second,  that  the  color  produced  in  the  solution 
to  be  tested  depends  upon  a  variety  of  conditions :  temperature,  quan- 
tity of  reagent  added,  manner  of  making  reagent,  variable  quantity  of 
accompanying  substances,  time  elapsing  after  preparation  before  com- 
parison of  color,  and  a  score  or  two  more,  practically  impossible  to 
control  perfectly.  The  determination  of  ammonia  by  the  Nessler  re- 
agent is  a  familiar  example. 

These  difficulties  may  be  removed  to  a  greater  or  less  extent  by 
careful  preparation  of  the  standards  from  solutions  as  nearly  as  prac- 
ticable of  the  same  order  of  variability. 

Hence  it  is  that  permanent  standards,  made  up  to  match  a  given 
set  of  conditions,  cannot  be  relied  on  under  all  other  circumstances. 
Nevertheless  they  have  their  uses ;  and  for  field  work,  where  compari- 
son within  certain  limits  only  is  to  be  exacted,  approximately  permanent 
standards  for  all  the  common  tests  serve  an  admirable  purpose. 

In  preparing  a  portable  field  apparatus  for  the  Louisiana  Purchase 
Exposition  two  or  three  combinations  were  devised  which  may  prove 
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of  interest  and  may  suggest  other  experiments  along  the  same  line. 
The  Griess  test  for  nitrites  is  one  of  the  most  valuable  for  field  work, 
but  in  the  conditions  under  which  tests  must  be  made  —  lack  of  pure 
rinsing  water,  dusty  atmosphere  and  hasty  work  —  the  very  unstable 
nitrite  standard  is  a  source  of  anxiety,  and  therefore  a  set  of  permanent 
standards  is  much  to  be  desired.  Such  a  set  lessens  also  the  quantity 
of  troublesome  reagents  to  be  carried. 

A  very  satisfactory  tint  of  color,  which  remained  permanent  for 
two  months  in  the  winter  in  the  even  temperature  of  the  laboratory, 
was  given  by  a  solution  found  among  the  set  of  indicators  marked 
"Corallin,  Malachite  Green.*'  This  solution  unfortunately  was  of  un- 
known origin,  and  attempts  to  duplicate  it  exactly  have  not  been 
wholly  successful.  The  results  are  here  given  simply  as  suggestions 
for  further  work.  The  substance  desired  is  very  possibly  "coralline- 
phthalin  or  pseudo-rosolic  acid,  the  chief  constituent  of  commercial 
aurine."  Organic  Coloring  Matters,  Schutze  &  Julian,  translated  by 
Green,  2d  edition,  p.   198. 

A  sample  of  Kaulbaum's  aurin  found  in  stock,  when  made  up  in 
about  the  proportion  of  1.5  milligrams  per  liter  matched  fairly  well 
the  10  c.c.  standard  nitrite.  A  sample  of  Kaulbaum's  rosolic  acid 
of  the  same  strength,  to  which  was  added  .008  milligram  in  aqueous 
solution  of  Kaulbaum's  "malachite  green,"  gave  a  color  very  closely 
approximating  to  the  20  standard.  There  are  several  commercial  sub- 
stances listed  under  the  name  malachite  green ;  this  seems  to  be  "  B," 
giving  a  blue-green  aqueous  solution,  which  is  discharged  by  excess  of 
potassium  hydrate ;  therefore  since  aurin  or  rosolic  acid  must  be  in 
decidedly  alkaline  as  well  as  alcoholic  solution,  a  somewhat  delicate 
balance  of  conditions  must  be  formed.  The  solution  once  obtained, 
however,  it  seems  to  dilute  in  proportion  and  give  an  excellent  match 
of  tint.  The  blue  in  the  aurin  seems  to  fade  out  unless  the  solution 
is  kept  very  strongly  alkaline,  leaving  a  yellower  tint  than  desirable. 
This  is  the  case  with  the  standards  prepared  from  the  usual  reagents. 
If,  as  now  appears  probable,  the  strong  solutions  carefully  protected 
will  keep,  and  may  be  diluted  as  needed,  the  test  may  be  of  some 
value. 

Standards  for  the  Grandval  and  Lajoux  nitrate  test  were  made 
from  the  neutral  potassium  chromate  used  for  indicator  in  the  chlorine 
test.  For  the  deeper  colors  and  ammonia,  a  solution  made  after 
Tidy's  formula  was  found   to  be  practicable  for  dilution   to   the  de- 
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sired  tints.     KjOjO.,,  0.25  grams;  CoSO,  HaO,  9.05  grams  per  liter. 

This  solution  avoids  the  strong  acidity  so-  unpleasant  in  portable  cases. 

In  the  two  long  trips '  made  with  the  portable  apparatus  described 

in  this  journal,3  it  was  found  that  the  form  of  the  case,  convenient  in 


Fig.  1. — Portable  Case  for  Field  Work  in  Water  Analysis. 

Length,  16    inches;  depth,  6}  inches;  height  of  each  box,  7)  inches. 

Designed  by  Mrs.  Kendall. 

many  respects,  was  most  unsatisfactory  to  transport  in  sleeping  cars; 
for,  unless  watched  over  like  a  bag  of  gold,  the  porter  would  inevitably 
lay  it  on  its  side,  to  the  imminent  danger  of  loosened  stoppers  and 


'The  Water  Supplies  of  Southeastern  Alaska.  Notes  on  the  Water  Supplies  in  the 
Black  Hills  of  South  Dakota  and  Vicinity.  Technology  Quarterly.  XVI,  No.  4, 
December,  1903. 

Notes  on  the  Potable  Waters  of  Mexico.  Transactions  American  Institute  of 
Mining  Engineers,  XXXII,    190J,  p.  335. 
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promiscuous  mixture  of  reagents.  The  same  difficulty  occurred  when 
driving  across  country  in  a  huggy.  This  'close,  personal  care  becomes 
irksome  in  the  course  of  weeks.  The  form  shown  in  the  figure  is 
designed  to  obviate  these  difficulties. 

Two  boxes  fitted  up  after  the  manner  of  instrument  boxes  are  to 
be  strapped  together  when  carried  by  hand,  but  when  separated  may 
be  slipped  under  the  berth  or  wagon  seat  and  kept  right  side  up. 

The  removable  racks,  with  the  permanent  standards  and  free  bottles 
for  comparison,  will  be  found  to  facilitate  observation.  The  bottles  for 
reagents,  with  double  ground  glass  stopper  joints,  may  prove  too  frail 
for  rough  carriage ;  but  fastened  with  the  yoke,  as  shown  in  the  left 
hand  of  the  illustration,  they  should  stand  well. 

The  padded  cover  furnishes  safe  resting  place  for  the  pipettes,  and 
the  narrow  space  behind  the  racks  allows  for  the  carriage  of  the  vari- 
ous additions  which  each  chemist  would  choose  for  himself.  The 
English  Thresh  portable  case  with  solid  reagents  is  still  more  compact 
but  nearly  as  heavy,  and  does  not  permit  of  all  the  tests  used  in  this 
country.  Many  of  the  most  useful  u  soloids "  can  be  put  up  to  order 
in  this  country  and  added  to  the  suggested  outfit. 
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IX. 
NOTES   ON  THE   "HARDNESS"    OF   WATERS. 

By  CHARLES  R.  WALKER. 

It  is  well  recognized  that  the  simple  and  convenient  test  for  "hard- 
ness "  in  waters,  indicating  the  amount  of  earthy  or  soap-curdling  sub- 
stances present,  by  a  standard  soap  solution,  gives  good  results  only 
within  certain  limits,  and  with  waters  not  over  100  parts  per  million. 

Engineers  are,  however,  often  confronted  with  waters  ten  times  as 
hard.  It  was  in  the  course  of  some  experiments  on  such  hard  waters, 
and  with  the  object  of  classifying  them,  that  the  following  experiments 
were  undertaken  at  the  suggestion  of  Mrs.  E.  H.  Richards. 

Two  methods  presented  themselves  :  — 

First.     To  use  a  stronger  soap  solution. 

Second.     To  use  less  volume  of  water  than  the  usual  50  c.c. 

In  the  first  experiments  a  soap  solution  ten  times  the  usual  strength 
was  standardized  with  a  solution  of  calcium  chloride,  also  ten  times  the 
usual  strength,  t.  e.,  containing  1  gram  of  pure  Iceland  spar  in  500  c.c. 
of  distilled  water;  but  it  was  found  to  be  so  difficult  to  determine  the 
end  point,  owing  to  the  thick  white  curd  or  floating  layer  of  insoluble 
calcium  soap,  that  it  was  finally  decided  to  standardize  and  also  to  make 
the  tests  by  using  5  c.c.  of  the  water  to  be  tested  diluted  to  50  c.c.  with 
distilled  water. 

The  titration  was  carried  out  from  a  10  c.c.  pipette,  graduated  to 
fa  c.c,  and  capable  of  being  read  to  T^  c.c,  fitted  up  as  a  burette. 

Five  cubic  centimeters  of  the  Iceland-spar  solution,  made  in  the 
usual  way,  but  ten  times  the  usual  strength,  required  1.425  c.c.  of 
soap  solution. 

*  This  worked  fairly  well,  but  it  was  found  that  with  very  hard  waters 
there  was  still  difficulty  in  determining  the  end  point,  owing  to  the  curd. 
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Coloring  the  solution  with  phenol  phthalein  was  found  of  no 
advantage. 

Finally  an  attempt  was  made  to  determine  the  end  point  by  sound, 
and  titrations  were  made  with  the  burette  covered  so  as  to  prevent 
possible  bias  of  judgment.  It  was  found  to  be  quite  easy  to  titrate 
to  within  Tj^  of  a  cubic  centimeter.  This  was  done  several  times  on 
known  waters  at  intervals  of  several  days  and  under  such  conditions 
as  to  prevent  the  reading  being  influenced  in  any  way. 

By  this  method  it  was  possible  to  titrate  50  c.c.  of  a  solution  of 
calcium  chloride  ten  times  the  usual  strength  with  a  soap  solution  also 
ten  times  the  customary  strength,  the  end  point  being  determined  as 
follows :  — 

First,  by  sound.  The  harsh  sound  as  of  solid  and  liquid  is  suddenly 
deadened,  as  if  oiled,  as  the  end  point  is  reached. 

Second.  It  was  noticed  that  until  the  "  earthy  "  salts  were  all  pre- 
cipitated by  the  soap,  the  larger  bubbles  broke  almost  instantly  and 
without  iridescence,  but  when  the  soap  was  in  slight  excess,  or  the 
end  point  was  reached,  the  larger  bubbles  lasted  from  one  to  two 
minutes  and  showed  marked  iridescence. 

Thus  there  were  two  indicators,  calling  into  use  both  the  ear  and 
the  eye.  Check  determinations  could  be  made  in  this  manner  with  sur- 
prising accuracy,  and  the  range  of  waters  capable  of  being  determined 
by  the  soap  method  was  considerably  increased. 

Experiments  were  also  made  to  determine  the  effect  of  diminished 
volume,  1.  e.9  using  less  volume  than  the  customary  50  c.c,  with  the 
result  that  it  was  found  that  by  the  use  of  the  "  sound  "  method  uniform 
results  could  be  obtained  irrespective  of  the  volume  taken,  and  also  that 
within  reasonable  limits  the  size  of  the  bottle  did  not  make  appreciable 
difference  in  the  determinations,  provided  round  bottles  were  used,  since 
the  surface  of  the  liquid  decreased  in  proportion  to  the  decrease  in 
volume  of  the  liquid  used. 

It  was  found  that  the  practice  of  diluting  a  water  with  distilled 
water  was  distinctly  harmful,  and  that  more  uniform  results  were 
obtained  not  by  diluting,  but  by  taking  the  hard  water  direct  and 
titrating  with  the  strong  soap  solution,  using  the  sound  as  indicating 
the  end  of  the  reaction,  and  paying  no  attention  to  the  heavy  curd 
formed,  or  to  other  appearances  than  the  iridescence  and  permanence 
of  the  larger  bubbles. 

By  this  method  the  number  of  cubic  centimeters  of  soap  solution 
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required  by  5  c.c.  of  the  water,  titrated  direct,  without  dilution,  multi- 
plied by  ten,  gave  very  closely  the  number  of  cubic  centimeters  of  soap 
solution  required  by  50  c.c.  of  the  water  when  titrated  direct. 

That  this  is  not  the  case  when  the  usual  method  is  followed  of 
taking  a  smaller  quantity  of  the  hard  water  and  diluting  it  to  50  c.c. 
with  distilled  water  is  well  known,  and  it  is  this  discrepancy  that  the 
method  of  using  stronger  solutions  and  titrating  by  sound  seems  to 
obviate. 


1 
\  1 
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THE    HYDROLYTIC  ENZYME    CONTAINED   IN  CASTOR- 
OIL    SEEDS. 

By  \V.  H.  WALKER  and  L.  M.  BOURNE. 

Although  wonderful  progress  has  been  made  during  the  last  few 
decades  in  every  line  of  applied  chemistry,  it  is  but  very  recently  that 
many  reactions  long  known  to  occur  of  themselves  in  nature  have  been 
made  of  technical  value.  An  example  of  development  along  these  lines 
is  found  in  the  application  of  the  enzyme  occurring  in  the  seeds  of  the 
castor  bean  {Ricinus  communis)  to  the  commercial  hydrolysis  of  fats  and 
oils.     The  process  may  be  represented  by  the  reaction  :  — 

3CH2OCOC17H85     +     3H20     =      C3H803      +      3C17H85COOH 
Stearin  Water  Glycerine  Stearic  Acid 

(A  neutral  fat) 

Present  methods  for  the  manufacture  of  glycerine  and  the  fatty 
acids  are  based  upon  this  same  reaction,  but  it  is  generally  brought 
about  by  the  aid  of  heat  and  pressure,  with  or  without  the  presence 
of  small  quantities  of  a  mineral  acid. 

As  early  as  1876  Schiitzenberger  pointed  out  the  existence  in  the 
seeds  of  certain  plants  of  a  ferment  which  had  the  power  to  thus 
hydrolyse  fats.  He  gave,  however,  a  very  inadequate  account  of  his 
work,  and  apparently  little  notice  was  taken  of  it.  In  1890  Green1 
and  Sigmund,2  working  independently,  observed  that  when  certain  oil- 
containing  seeds  were  rubbed  up  to  a  paste  with  water  and  allowed  to 
stand  an  acid  reaction  developed.  Later  the  presence  of  free  fatty 
acids  was  detected,  and  the  authors  each  concluded  that  there  was 
present  a  ferment  or  enzyme  which  possessed  the  ability  of  splitting 
or  hydrolysing  the  oil. 

Nothing  further  was  done  in  this  matter  until  1902,  when  Connstein,3 
Hoyer,  and  Wartenberg  published  the  results  of  their  work  on  the  castor- 


1  Proc.  Royal  Soc,  48,  370. 
aMonatsh.  f.  Chem.,  n,  272. 
8  Ber.  Chem.  Soc,  35,  3988. 
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oil  seed  enzyme  and  proposed  its  utilization  as  a  substitute  for  the  heat 
and  pressure  at  present  used  for  the  commercial  hydrolysis  of  fats  and 
oils.  According  to  these  investigators  the  process  may  be  successfully 
carried  on  as  follows :  50  grams  fat,  5  grams  of  the  pulverized  seeds, 
and  10  grams  of  N/10  sulphuric  acid  are  ground  together  until  an  emul- 
sion is  formed,  and  then  allowed  to  stand  for  twenty-four  hours.  At 
the  end  of  this  period  the  mixture  is  heated  and  somewhat  diluted  with 
water  or  weak  acid,  when  it  separates  into  three  layers :  the  free  fatty 
acids  at  the  top,  then  the  water  containing  the  glycerine,  and,  lastly,  the 
seed  residue. 

Such  a  process  taking  place  without  the  application  of  mechanical 
energy  or  any  considerable  amount  of  heat  and  without  injurious  decom- 
position products  is  surely  an  attractive  one,  and  when  the  simplicity 
of  the  necessary  apparatus  is  taken  into  account  it  seems  well  worth 
further  study.  As  no  data  on  the  technical  application  of  this  process 
were  then  available,  the  following  experimental  work  was  carried  out 
with  a  view  to  determining  some  of  the  difficulties  that  were  to  be 
encountered  in  its  development :  — 

From  a  large  manufacturer  of  castor  oil  we  were  supplied  with 
samples  of  the  seeds  of  the  common  castor-oil  plant  and  of  the  residue 
from  which  all  the  oil  had  been  expressed.  This  press  cake  has  little 
commercial  value,  and,  unless  the  process  used  to  extract  the  oil  had 
killed  the  enzyme,  would  furnish  a  cheap  source  of  this  active  agent. 

A  number  of  the  experiments  outlined  by  Connstein  and  his  co- 
workers with  the  fresh  seeds  were  repeated,  and,  in  general,  analogous 
results  obtained.  Our  seeds,  however,  did  not  seem  to  be  so  rich  in 
the  enzyme  as  those  that  were  used  by  these  investigators,  as  in  most 
cases  a  larger  percentage  of  the  seeds  had  to  be  used  in  order  to  get 
equivalent  results.  From  the  press  cake  as  received  from  the  factory 
no  results  whatever  could  be  obtained.  Laboratory  experiments  sub- 
sequently proved  that  the  temperature  used  in  the  oil  presses  was 
considerably  above  that  at  which  the  enzyme  ceases  to  act. 

Seeds  pressed  cold  did  not  appreciably  lose  in  enzymic  power,  but 
"by  this  method  so  much  of  the  oil  is  retained  in  the  press  cake  that  for 
commercial  use  it  would  not  be  satisfactory.  It  seems  evident,  there- 
fore, that  press  cake  as  now  obtained  in  the  open  market  is  not  available 
for  the  hydrolysis  of  fats. 

The  other  common  method  for  the  separation  of  vegetable  oils  is  by 
extraction  with  a  volatile  solvent.     To  determine  the  effect  of  this  treat- 
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merit  seeds  were  freed  from  their  hulls  and  extracted,  carbon  disulphide, 
ether,  and  chloroform  being  used  as  solvents.  Hydrolysis  experiments 
on  the  extracted  residues  gave  the  following  results :  — 


Ratio  of  fat  to 
residue. 

Solvent  used  in  extraction. 

Time  of  hydrolysis 
in  hours. 

Percentage 
hydrolysis. 

10:1 

Carbon  disulphide  .... 

24 

96.5 

10:1 

Carbon  disulphide  .... 

48 

97.9 

10:1 

Ether     

12 
24 
12 

91.5 

10:1 

Ether 

94.7 

10:1 

91.5 

10:1 

24 

98.9 

These  residues  were  white,  fluffy  powders,  odorless  and  tasteless, 
and  gave  a  marked  reaction  for  enzymes  when  tested  with  an  alcoholic 
solution  of  gum  guiacum  and  hydrogen  peroxide.     The  enzymic  power 

■ 

per  unit  weight  was  much  higher  than  in  the  fresh  seeds,  but  not  what 
could  be  expected  if  the  oil  had  been  simply  removed.  Since  the  fresh 
hulled  seeds  contain  from  50  to  60  per  cent,  of  oil  the  extracted  seeds 
should  be  somewhat  more  than  twice  as  active. 

As  we  were  unable  to  ascertain  the  age  of  the  seeds  under  investiga- 
tion, or  obtain  seeds  which  we  knew  to  be  perfectly  fresh,  our  study  of 
the  influence  of  time  on  the  enzyme  contained  in  these  was  not  very 
satisfactory.  But  neither  the  seeds  as  received  by  us  or  after  the  hulls 
had  been  removed  lost  appreciably  in  enzymic  activity  during  the  two 
months  devoted  to  the  work.  After  extraction,  however,  the  residues, 
when  allowed  to  stand  in  the  air,  rapidly  lost  their  activity;  on  the 
other  hand,  if  preserved  in  an  air-tight  bottle  this  decrease  was  but 
small. 

It  is  apparent  from  our  experiments  that  the  presence  of  oxygen 
hastens  the  deterioration  of  the  enzyme,  and  that  this  may  be  an  addi- 
tional explanation  for  the  inactivity  of  the  press  cake.  This  oil-free 
residue  was  more  efficient  as  an  emulsifying  agent  for  the  fat  than 
were  the  fresh  seeds. 

Although  practically  all  the  solvents  hitherto  suggested  for  separating 
enzymes  from  the  substances  in  which  they  occur  were  made  the  basis 
of   experiment,  and   in   addition,  many  others,  we   failed  to  obtain  a 
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satisfactory  solution  of  the  active  principle.  Not  only  is  no  enzyme 
extracted  by  salt  solutions,  glycerine,  etc.,  but  the  seeds  or  seed  residues 
thus  treated  lose  their  activity.  Even  a  washing  with  water  is  sufficient 
to  decrease  their  enzymic  power  50  or  60  per  cent.  Apparently  the  oil 
of  the  seed  is  necessary  to  protect  the  enzyme  from  both  the  air  and 
from  moisture. 

We  had  hoped  to  obtain  a  concentrated  solution  of  the  fat -splitting 
enzyme  similar  to  the  extract  of  lipase,  as  prepared  from  the  pancreas 
of  animals,  or  hypase,  the  hydrolytic  enzyme  of  the  liver,  and  to  use 
this  as  an  aid  to  animal  digestion.  Green,  in  his  original  paper,  proved 
that  this  castor-oil-seed  enzyme  flourishes  in  the  absence  of  free  acid, 
while  Connstein's  experiments  showed  it  to  grow  only  in  an  acid 
medium.  As  the  content  of  the  digestive  tract  below  the  stomach  is 
neutral,  or  slightly  alkaline,  it  was  important  in  this  connection  to  de- 
termine whether  the  enzyme  could  be  induced  to  act  under  these 
conditions.  Emulsions  prepared  as  already  described  were  made 
neutral,  slightly  alkaline,  and  slightly  acid,  and  allowed  to  stand  at 
about  the  temperature  of  the  body  for  some  days.  In  every  case  the 
neutral  and  alkaline  preparation  remained  without  action ;  those  slightly 
acid  slowly  commenced  to  hydrolyse.  The  speed  of  hydrolysis  increased 
for  a  time  and  reached  a  maximum  after  the  third  or  fourth  day.  As 
a  therapeutic  agent,  therefore,  this  enzyme  does  not  promise  much 
unless  its  properties  could  be  utilized  in  the  stomach  where  an  acid 
reaction  naturally  prevails. 

It  has  long  been  known  that  the  enzyme  diastase  does  not  exist  in 
any  appreciable  quantity  in  the  normal  fresh  barley  seed,  but  is  produced 
during  the  life  process  of  germination.  Green  states  that  the  enzyme  of 
the  castor  seeds  is  formed  in  an  analogous  way,  while  Connstein  found 
that  germination  did  not  materially  increase  the  enzymic  power.  In 
experiments  carried  on  to  throw  further  light  upon  this  point  a  mechan- 
ical difficulty  appeared  which  made  it  practically  impossible  to  get  com- 
parable results  between  the  fresh  seeds  and  the  germinated  seeds.  In 
the  process  of  germination  a  chemical  change  takes  place  which  greatly 
modifies  the  properties  of  the  kernel  of  the  seeds,  rendering  it  so  pasty 
and  tough  that  an  emulsion  with  the  fat  to  be  hydrolysed  is  made  with 
great  difficulty.  Hydrolyses  carried  on  with  these  imperfectly  prepared 
seeds  under  optimum  conditions  gave  results  not  rising  above  45  per 
cent.  When,  however,  the  oil  was  extracted,  the  residue  was  a  dry, 
white  powder  resembling  the  residue  of  the  fresh  seeds  but  having  an 
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offensive  odor.     The  hydrolytic  power  as  compared  with  the  extracted 
fresh  seeds  was,  with  fresh  seeds :  — 


Ratio  of  extract  to  fat 
IO  :   I 

10  :  i 

With    the    germinated 
average: — 

Ratio  of  extract  to  fat 
IO  I   I 
IO  :  I 


Time  in  hours 

48 
72 

seeds    extracted 


Per  cent,  hydrolysis 

954 
97.8 

residue    showed 


on    an 


Per  cent,  hydrolysis 
85-3 

88.6 


Time  in  hours 
48 
72 

These  results  indicate  that  the  process  of  germination  decreases 
rather  than  increases  the  hydrolytic  principle. 

As  a  result  of  our  work  we  are  of  the  opinion  that  the  main  diffi- 
culty in  converting  this  laboratory  method  into  a  technical  process  for 
the  hydrolysis  of  fats  lies  in  the  preparation  of  a  perfect  emulsion. 
As  the  percentage  of  fatty  acid  increases  there  is  a  tendency  for  the 
emulsion  to  break,  thus  diminishing  or  sometimes  practically  terminating 
the  reaction.  In  preparing  an  emulsion  care  must  be  taken  not  to 
operate  for  any  length  of  time  above  the  critical  temperature,  which 
lies  somewhat  below  500  C,  and  to  guard  against  an  excess  of  water. 

In  the  laboratory  we  found  the  difficulties  of  emulsification  to 
increase  rapidly  as  the  amount  of  material  operated  upon  grew  larger, 
and  on  account  of  lack  of  facilities  we  were  not  able  to  carry  out  the 
reaction  on  the  scale  desired.  We  believe,  however,  that  the  utilization 
of  this  vegetable  enzyme  is  a  promising  field  for  further  endeavor. 

Laboratory  of  Industrial  Chemistry, 

June,  1904. 
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BOOK  REVIEWS. 
Analytical  Chemistry.1 

It  is  seldom  that  the  reviewer  has  the  privilege  of  examining 
two  more  excellently  written  and  printed  volumes  than  Dr.  Tread- 
well's  Qualitative  and  Quantitative  Chemical  Analysis  as  translated  by 
Mr.  Hall.  The  second  part  of  this  work  on  quantitative  analysis  is  of 
about  the  same  size  as  the  first  volume,  and  it  is  characterized  also  by 
the  same  clear,  concise,  and  accurate  method  of  statement  and  arrange- 
ment of  details  which,  in  the  reviewer's  opinion,  made  the  first  portion 
especially  worthy  of  praise. 

The  book  is  divided  into  three  parts,  viz. :  1 .  Gravimetric  Analysis 
(a)  metals,  (b)  metalloids,  372  pages.  2.  Volumetric  Analysis,  148 
pages.  3.  Gas  Analysis,  72  pages.  Besides  these,  there  is  a  short 
introduction  briefly  describing  methods  of  manipulation,  and  the  book 
finishes  with  some  twenty  pages  of  reference  tables,  logarithms,  and 
chemical  conversion  factors.  The  introduction  includes,  among  other 
things,  careful  directions  for  the  use  of  the  balance  and  the  calibra- 
tion of  weights,  while  preceding  the  volumetric  portion  an  analogous 
description  of  methods  for  determining  the  accuracy  of  volumetric 
measuring  instruments  is  given,  and  these  are  so  clearly  stated  and 
well  chosen  that  they  cannot  fail  to  impress  upon  the  student  that 
the  foundations  for  accuracy  in  chemical  work  depend  as  much  upon 
the  careful  physical  control  of  his  tools  as  upon  his  own  manipulation 
and  understanding  of  chemical  principles. 

A  summary  of  the  methods  included  in  the  book  is  out  of  the  ques- 
tion within  the  limits  of  a  review.  The  analyses  are  confined,  for  the 
main  part,  to  inorganic  materials.  Details  for  the  determination  and 
separation  of  the  commoner  metals  and  metalloids  are  given,  with 
reasons  for  the  same.     In  fact,  the  explanations  for  certain  procedures* 


1  Analytical  Chemistry,  Vol.  II,  by  F.  P.  Treadwell,  Ph.D.,  Professor  of  Analytical  Chem- 
istry in  the  Polytechnic  Institute  of  Zurich ;  translated  by  William  T.  Hall,  S.  B.,  Instructor 
in  Chemistry,  Massachusetts  Institute  of  Technology.  John  Wiley  &  Sons.  8vo,  xii  +  654 
pages,  96  figures.     Cloth,  $4.00. 
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too  often  obscure,  i.  e.,  the  use  of  the  old  atomic  weight  of  platinum  in 
calculating  the  amount  of  potassium  in  potassium  platinic  chloride  — 
are  one  of  the  features  of  the  book,  and  cannot  fail  to  be  helpful  to 
the  student.  It  is  also  refreshing  to  see  the  Gooch  crucible  at  last 
duly  recognized  in  a  German  work.  Still,  there  are  many  places  where 
the  Gooch  crucible  could  be  used  to  advantage  where  the  method  of 
drying  on  filter  paper  is  recommended,  a  procedure  which,  in  the 
opinion  of  the  reviewer,  is  in  almost  every  instance  not  only  avoidable 
but  best  avoided.  The  greatest  fault  of  the  section  on  assaying  is  its 
brevity.  It  will  be  highly  valuable  as  side  reading  in  an  assaying 
course  for  the  careful  explanations  given.  No  mention  is  made,  how- 
ever, of  the  assay-ton  system  of  weights.  The  volumetric  determina- 
tions are  well  chosen,  and  embody  the  best  and  latest  applications  of 
acidimetry  and  alkalimetry,  and  of  oxidation,  reduction,  and  precipitation 
methods.  The  section  on  gas  analysis  is  as  full  and  complete  as  most 
instructors  will  desire,  and  describes  the  use  of  the  latest  and  best  forms 
of  apparatus  for  technical  gas  analysis. 

Throughout  the  book  references  to  the  literature  are  copiously  given, 
and  the  authors  and  modifiers  of  methods  have  received  due  credit  there- 
for. Probable  impurities  of  reagents  and  methods  of  purification  are 
carefully  pointed  out.  Calculations  of  results  are  given  for  many  typical 
analyses  in  a  manner  that  should  prove  helpful  to  the  student,  but  are 
not  carried  to  the  extent  that  requires  no  use  of  the  reasoning  faculties. 

The  work  of  the  translator  has  been  well  done,  and  he  has  rendered 
an  excellent  German  work  into  good,  readable  English.  He  has  received 
efficient  aid  in  the  criticism  of  the  proof  sheets,  for  each  part  has  been 
examined  by  an  expert  and  shows  the  results  in  footnotes  of  value.  In 
one  or  two  instances  the  translator  has  substituted  methods  or  made 
changes  in  the  original  of  a  far-reaching  character.  In  every  instance 
observed  it  has  been  of  advantage  to  the  book.  It  is  to  be  regretted, 
since  American  practice  is  slow  to  receive  recognition  abroad,  that  more 
changes  of  this  kind  were  not  made.  The  Wilfarths  and  Jodlbaurs 
modifications  of  the  Kjeldahl  nitrogen  method  could  be  well  replaced 
by  the  Gunning  and  the  Gunning  modified,  which  are  better  methods 
and  official  in  the  United  States.  The  method  of  Pincus,  almost  never 
used  in  actual  phosphate  control  in  America,  might  have  been  well 
supplemented  by  the  official  volumetric  method  for  phosphates.  The 
mention  of  the  use  of  the  rotary  cathode  would  have  improved  the 
electrolytic  methods.     The  Marsh-Berzelius  method  for  small  amounts 
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of  arsenic  will  be  sought  for  and  missed  by  many.  Again,  it  is  probable 
that  the  retention  of  Ostwald's  theory  of  indicators  may  not  seem  wholly 
justified  by  the  footnote  references  to  Stieglitz's  article  on  the  subject. 
Criticism  can,  however,  find  little  foothold  in  the  book,  and,  in  the 
reviewer's  opinion,  must  rest  almost  wholly  on  the  differences  inherent 
to  foreign  practice.  Careful  investigation  might  show  that  practice  to  be 
better  in  many  instances,  while  on  the  other  hand  much  is  to  be  learned 
here.  That  Dr.  Treadwell,  himself  of  American  parentage,  has  recog- 
nized this  fact  is  evinced  by  the  incorporation  of  the  work  of  many 
Americans,  and  due  credit  to  such  well-known  chemists  as  Hillebrand, 
Blair,  Gooch,  and  others. 

Mr.  Hall  has  given  iis  a  valuable  book  for  our  own  and  our  stu- 
dents' use.  It  will  be  much  more  frequently  referred  to  than  Fresenius, 
Sutton,  or  Hempel.  The  publishers  have  put  it  into  well-arranged  form, 
in  clear  type,  on  good  paper.  It  will  soon  be  found  in  every  important 
laboratory  in  the  country,  and  to  any  chemist  is  well  worth  the  price 
asked. 

Charles  Lathrop  Parsons. 
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BY-LAWS. 

Objects  of  the  Society. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an  active 
interest  in  the  practical  sciences,  and  to  aid  generally  in  their  advance- 
ment and  development  in  connection  with  arts,  agriculture,  manufac- 
tures, and  commerce. 

The  Society  invites  all  who  have  any  valuable  knowledge  of  this 
kind,  which  they  are  willing  to  contribute,  to  attend  its  meetings  and 
become  members.  Persons  having  valuable  inventions  or  discoveries 
which  they  wish  to  explain  will  find  a  suitable  occasion  in  the  Society 
meetings,  subject  to  regulations  hereafter  provided ;  and  while  the 
Society  will  never  indorse,  by  vote  or  diploma  or  other  official  recog- 
nition, any  invention,  discovery,  theory/ or  machine,  it  will  give  every 
facility  to  those  who  wish  to* discuss  the  principles  and  intentions  of 
their  own  machines  or  inventions,  and  will  endeavor  at  its  meetings, 
or  through  properly  constituted  committees,  to  show  how  far  any 
communications  made  to  it  are  likely  to  prove  of  real  service  to  the 
community. 

Section  I.  —  Administration. 

The  immediate  management  and  control  of  the  affairs  of  the 
Society  of  Arts  shall  be  exercised  by  an  Executive  Committee,  con- 
sisting of  the  President  of  the  Institute  and  the  Secretary  of  the 
Society  (who  shall  be  members  ex  officiis),  and  five  other  members, 
who  shall  be  elected  by  the  Society  of  Arts  at  each  annual  meeting, 
to  continue  in  office  until  other  persons  have  been  chosen  in  their 
place. 

Sect.  II.  —  Duties  of  the  Executive  Committee. 

The  Executive  Committee  shall  elect  its  chairman,  prescribe  his 
duties,  and,  with  the  concurrence  of  the  Treasurer  of  the  Institute, 
fix  his  compensation  when  the  interests  of  the  Society  require  that 

•  •  • 

111 


iv  By-Laws. 

he  should  be  paid  for  his  services ;  they  may  invite  any  person  to 
preside  at  any  ordinary  meeting  who  is  well  versed  in  the  subjects 
to  be  discussed ;  they  shall  appoint  the  days  and  times  of  meeting, 
when  not  fixed  by  the  Society,  and  determine  the  subjects  to  be  con- 
sidered at  the  meetings  and  the  mode  of  conducting  the  discussions ; 
they  may,  with  the  concurrence  of  the  President  of  the  Institute, 
make  such  arrangements  for  reporting  and  publishing  the  proceedings 
of  the  Society  as  they  may  deem  best  suited  to  advance  its  interests ; 
they  may  receive  moneys  in  behalf  of  the  Society  in  aid  of  its  objects, 
by  subscription,  donation,  or  bequest ;  they  shall  make  a  report  of 
their  doings  to  the  Society  at  its  annual  meeting  and  at  such  other 
times  as  a  report  may  be  called  for  by  a  majority  of  the  members  pres- 
ent at  any  meeting;  they  shall  also  make  a  report  of  their  doings  to 
the  President  of  the  Institute  prior  to  the  annual  meeting,  and  at  such 
other  times  as  the  Corporation  may  require  it.  Three  members  shall 
constitute  a  quorum  for  the  transaction  of  business. 

Sect.  III.  —  Duties  of  the  President  and  Secretary. 

i  .  It  shall  be  the  duty  of  the  President  of  the  Institute  to  preside 
at  the  annual  and  the  special  meetings  of  the  Society,  and  also  at  its 
ordinary  meetings  when  the  Executive  Committee  does  not  invite  a 
special  chairman  to  preside. 

2.  It  shall  be  the  duty  of  the  Secretary  of  the  Society  to  give 
notice  of  and  attend  all  meetings  of  the  Society  and  of  the  Executive 
Committee ;  to  keep  a  record  of  the  business  and  orders  of  each  meet- 
ing, and  read  the  same  at  the  next  meeting ;  to  keep  a  list  of  the  mem- 
bers of  the  Society,  and  notify  them  of  their  election  and  of  their 
appointment  on  committees ;  and  generally  to  devote  his  best  efforts, 
under  the  direction  of  the  Executive  Committee,  to  forwarding  the 
business  and  advancing  the  interests  of  the  Society.  He  shall  also 
record  the  names  of  the  Executive  Committee  attending  each  meeting. 

Sect.  IV.  —  Funds  of  the  Society. 

All  the  fees  and  assessments  of  members,  and  all  moneys  receivtci 
by  subscription,  donation,  or  otherwise,  in  aid  of  the  Society,  shall  be 
paid  into  the  treasury  of  the  Corporation,  to  be  held  and  used  for  the 
objects  of  the  Society  under  the  direction  of   the  Executive  Commit- 
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tee,  and  shall  be  subject  to  the  order  of  its  Chairman,  countersigned 
by  the  President  of  the  Corporation. 

Sect.  V.  —  Meetings  of  the  Society. 

i  .  The  annual  meeting  of  the  Society  shall  be  held  at  the  Insti- 
tute on  the  second  Thursday  in  May.  The  ordinary  meetings  shall  be 
held  semi-monthly,  or  whenever  deemed  expedient  by  the  Society  or 
by  the  Executive  Committee,  excepting  in  the  months  of  June,  July, 
August,  and  September. 

2.  If  from  any  cause  the  annual  meeting  shall  not  have  been 
duly  notified  or  held  as  above  required,  the  same  shall  be  notified  and 
held  at  such  time  as  the  Executive  Committee  may  direct. 

3.  A  special  meeting  of  the  Society  may  at  any  time  be  called  by 
the  Secretary  on  a  written  request  of  ten  members.  Twelve  members 
:of  the  Society  shall  constitute  a  quorum  for  the  transaction  of  business. 

Sect.  VI.  —  Members  and  Their  Election. 

1.  Members  of  the  Society  of  Arts  shall  be  of  three  kinds  — 
Associate,  Corresponding,  and  Honorary  Members. 

2.  Candidates  for  Associate  Membership  shall  be  recommended  by 
not  less  than  two  members,  whose  signatures  shall  be  affixed  to  a  writ- 
ten or  printed  form  to  that  effect.  Each  nomination  shall  be  referred 
to  the  Executive  Committee,  and  when  reported  favorably  upon  by 
them,  and  read  by  the  Secretary,  may  be  acted  upon  at  the  same 
meeting;  the  election  shall  be  conducted  by  ballot,  and  affirmative 
votes  to  the  number  of  three-fourths  of  the  votes  cast  shall  be  neces- 
sary for  an  election. 

3.  Corresponding  and  Honorary  Members  may  be  elected  in  the 
same  way,  on  nomination  by  the  Executive  Committee. 

4.  Associate  Members  shall  pay  an  admission  fee  of  three  dollars 
before  being  entitled  to  the  privileges  of  membership,  and  an  annual 
assessment  of  three  dollars  on  the  first  of  October  of  each  year,  this 
sum  to  include  subscription  to  the  Technology  Quarterly  and  Proceed- 
ings of  the  Society  of  Arts. 

An  Associate  Member  who  shall  have  paid  at  any  one  time  the 
sum  of  fifty  dollars,  or  annual  assessments  for  twenty  years,  shall 
become  a  member  for  life,  and  be  thereafter  exempted  from  annual 
assessments 
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A  member  neglecting  to  pay  his  annual  assessment  for  six  months 
after  being  notified  that  the  same  is  due  shall  be  regarded  as  having 
withdrawn  his  membership,  unless  otherwise  decided  by  the  Execu- 
tive Committee,  which  shall  be  authorized,  for  cause  shown,  to  remit 
the  assessments  for  any  one  year ;  and  which  shall  moreover  be  em- 
powered to  exempt  particular  members  from  assessments  whenever 
their  claims  and  the  interests  of  the  Society  make  it  proper  to  do  so. 

Sect.  VII.  —  Election  of  the  Executive  Committee  and  of 

the  Secretary. 

i.  At  an  ordinary  meeting  of  the  Society,  preceding  the  annual 
meeting,  a  nominating  committee  of  five  shall  be  chosen,  whose  duty 
it  shall  be  to  nominate  candidates  for  the  Executive  Committee,  to  post 
a  list  of  the  names  selected  in  the  office  of  the  Secretary,  and  to  fur- 
nish printed  copies  thereof  to  the  members  at  or  before  the  time  of 
election. 

2.  At  a  meeting  at  which  an  election  is  to  take  place  the  presiding 
officer  shall  appoint  a  committee  to  collect  and  count  the  votes  and 
report  the  names  and  the  number  of  votes  for  each  candidate,  where- 
upon he  shall  announce  the  same  to  the  meeting. 

3.  A  majority  of  the  votes  cast  shall  be  necessary  to  an  election. 

4.  In  the  first  organization  under  these  By-Laws,  the  Executive 
Committee  may  be  elected  at  an  ordinary  or  special  meeting. 

5.  Vacancies  in  the  committee  occurring  during  the  year  may  be 
tilled  by  the  Society  at  an  ordinary  meeting. 

6.  The  Secretary  shall  be  elected  by  the  Society,  on  nomination 
by  the  Executive  Committee,  at  each  annual  meeting  of  the  Society, 

* 

or,  in  case  of  a  vacancy  during  the  session,  at  such  other  time  as  the 
Executive  Committee  may  appoint ;  and  he  shall  be  reeligible  in  the 
same  way  at  the  pleasure  of  the  Society. 

7.  The  compensation  of  the  Secretary  shall  be  fixed  from  year  to 
year  by  the  Executive  Committee  with  the  concurrence  of  the  Treas- 
urer of  the  Institute. 

Sect.  VIII.  —  Committees  of  Arts. 

1.  The  Members  of  the  Society  of  Arts  may  be  enrolled  in  divi- 
sions, under  the  following  heads,  according  to  the  taste  or  preference  of 
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the  individual ;  each  division  to  constitute  a  committee  upon  the  sub- 
jects to  which  it  appertains : 

(i)  On  Mineral  Materials,  Mining,  and  the  Manufacture  of  Iron, 
Copper,  and  other  Metals.  * 

(2)  On  Organic  Materials  —  their  culture  and  preparation. 

(3)  On  Tools  and  Implements. 

(4)  On  Machinery  and  Motive  Powers. 

(5)  On  Textile  Manufactures. 

(6)  On  Manufactures  of  Wood,  Leather,  Paper,  India  Rubber,  and 
Gutta  Percha. 

(7)  On  Pottery,  Glass,  Jewelry,  and  works  in  the  Precious  Metals. 

(8)  On  Chemical  Products  and  Processes. 

(9)  On  Household  Economy ;  including  Warming,  Illumination, 
Water-Supply,  Drainage,  Ventilation,  and  the  Preparation  and  Preser- 
vation of  Food. 

(10)  On  Engineering,  Architecture,  and  Ship-building. 

(11)  On  Commerce,  Marine  Navigation,  and  Inland  Transporta- 
tion. 

(12)  On  Agriculture  and  Rural  Affairs. 

(13)  On  the  Graphic  and  Fine  Arts. 

(14)  On  Ordnance,  Firearms,  and  Military  Equipments. 

(15)  On  Physical  Apparatus. 

2.  Any  member  may  belong  to  more  than  one  of  the  above-named 
Committees  of  Arts,  but  shall  not  at  the  same  time  be  eligible  as  chair- 
man in  more  than  one. 

3.  It  shall  be  competent  for  each  Committee  of  Arts,  of  ten  or 
more  members  entitled  to  vote,  to  organize ;  to  elect  annually  in  Octo- 
ber, or  whenever  a  vacancy  shall  occur,  a  chairman ;  to  appoint  its  own 
meetings ;  and  to  frame  its  own  By-Laws,  provided  the  same  do  not 
conflict  with  the  regulations  of  the  Society  of  Arts. 

Sect.  IX. — Amendment  and  Repeal. 

1.  These  By-Laws  may  be  amended  or  repealed,  or  other  pro- 
visions added,  by  a  vote  of  three-fourths  of  the  members  present  at 
any  regular  meeting  of  the  Society  ;  provided  that  such  changes  shall 
have  been  recommended  and  approved  in  accordance  with  the  By-Laws 
of    the   Corporation    (see   extract    from   By-Laws   of    Corporation  as 
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printed   below)   and   presented   in  writing  at  a   preceding  meeting  of 
the  Society. 

2.  These  By-Laws  shall  take  effect  immediately  after  their  ap- 
proval by  the  Corporation  and  adoption  by  the  Society,  and  all  previous 
By-Laws  are  hereby  repealed.     * 

As  amended  December  pt  i8p/. 


Extract  from  the  By-Laws  of  the  Corporation. 

Sect.  VI.  —  There  shall  be  a  Committee  on  the  Society  of  Arts 
consisting  of  five  members,  appointed  at  the  annual  meeting  of  the 
Corporation,  to  hold  office  for  one  year,  who  shall  have  the  general 
charge  and  supervision  of  the  organization  and  proceedings  of  the 
Society,  subject  to  the  approval  of  the  Corporation.  It  shall  be  their 
duty,  in  connection  with  a  committee  chosen  by  the  Society,  to  frame 
By-Laws  for  the  government  of  the  Society,  which  shall  take  effect 
when  adopted  by  the  Society  and  approved  by  the  Corporation. 

Revised  February  /,  1894. 
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* 

THE  PHYSICAL  PROPERTIES  OF  AQUEOUS  SALT  SOLU- 
TIONS IN  RELATION  TO    THE  IONIC   THEORY.1 

By  ARTHUR  A.  NOYES. 

It  is  generally  recognized  that  the  further  progress  of  physical 
science  will  be  greatly  facilitated  by  a  better  systematization  of  the 
knowledge  already  accumulated,  and  this  is  true  in  an  especially  high 
degree  of  the  newly  developed  branch  of  science  in  which  this  section 
is  directly  interested.  It  has,  therefore,  seemed  to  me  that  the  most 
valuable  contribution  that  I  could  make  toward  the  solution  of  the 
present  problems  of  physical  chemistry  in  correspondence  with  the 
aims  of  this  Congress,  would  be  a  formulation  of  the  present  status  of 
some  of  our  knowledge  relating  to  important  classes  of  phenomena 
which  are  being  actively  investigated,  but  which  have  not  yet  received 
a  final  interpretation.  It  was  my  original  hope  to  discuss  several  such 
classes  of  phenomena ;  but  the  effort  involved  in  the  collation  and  criti- 
cism of  the  available  data  connected  with  the  problem  which  was  first 
studied,  forced  me  to  confine  my  attention  to  that  alone.     This  problem 


1  Address  delivered  at  St.  Louis  before  the  Section  of  Physical  Chemistry  of  the 
Congress  of  Arts  and  Sciences. 
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concerns  the  physical  properties  of  aqueous  salt  solutions  in  relation  to 
the  Ionic  Theory.  This  is  the  subject  which  I  shall  attempt  to  present 
to  you  :  I  hope  that  its  importance  and  the  greater  definiteness  that 
can  be  given  to  its  treatment  may  compensate  for  the  somewhat  limited 
scope  of  this  paper. 

Permit  me  to  say  in  advance  that  I  have  studied  this  subject 
primarily  from  an  empirical  standpoint,  and  that  it  will  be  my  aim  to 
present  to  you  a  series  of  generalized  statements  of  the  experimental 
results,  formulated  in  such  a  way  as  to  show  their  relation  to  the  impor- 
tant hypotheses  connected  with  the  Ionic  Theory.  Unfortunately,  it 
will  not  be  possible  in  this  address  to  reproduce,  or  even  fully  refer 
to,  the  data  upon  which  these  conclusions  are  based  —  a  defect  serious 
in  a  work  of  this  kind,  which  will  be  remedied  in  a  subsequent  pub- 
lication. I  shall,  however,  try  to  show  the  general  character  of  the 
evidence  for  each  conclusion  and  the  degree  of  accuracy  within  which 
it  has  been  confirmed.  I  wish  to  add  that  I  have  been  most  ably 
assisted  in  the  preparation  of  the  material  upon  which  this  paper  is 
based  by  Dr.  J.  W.  Brown  and  Dr.  M.  S.  Sherrill,  of  the  Massachusetts 
Institute  of  Technology. 

The  principles  to  be  first  presented  have  reference  to  two  of  the 
main  hypotheses  which  are  commonly  employed  in  quantitative  appli- 
cations of  the  Ionic  Theory.  One  of  these  hypotheses  is  that  the 
migration-velocities  of  the  ions  of  a  salt  do  not  vary  appreciably  with 
its  concentration,  at  least  up  to  a  moderate'  concentration ;  and  conse- 
quently, that  the  degree  of  ionization  is  equal  to  the  ratio  of  the 
equivalent  conductivity  at  the  concentration  in  question  to  the  limiting 
value  of  the  equivalent  conductivity  at  zero  concentration — a  ratio  which 
I  will  hereafter  call  simply  the  conductivity-ratio.  The  other  hypothe- 
sis is  that  ions,  and  also  the  un-ionized  molecules  accompanying  them, 
produce  an  osmotic  pressure  substantially  equal  to  the  pressure  exerted 
by  the  same  number  of  gaseous  molecules  at  the  same  temperature,  at 
least  up  to  a  moderate  concentration ;  a  hypothesis  which  may  be  more 
briefly  expressed  by  the  statement  that  the  osmotic  pressure-constant 
for  dissolved  electrolytes  is  identical  with  the  gas-constant.  It  is  evi- 
dent that  with  the  help  of  this  hypothesis  we  can  calculate,  either  from 
measurements  of  osmotic  pressure  or  from  those  of  any  other  property 
which  is  thermodynamically  related  to  osmotic  pressure,  the  number  of 
mols  in  the  solution  resulting  from  one  formula  weight  of  salt,  that  is, 
the  quantity  which  van't  HofF  has  represented  by  the  letter  *.     From 
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the  latter,  provided  the  ionization  is  not  complicated  by  the  formation 
of  complex  molecules  or  ions,  the  degree  of  ionization  is  readily  derived. 

The  first  of  these  hypotheses  cannot  be  independently  tested,  be- 
cause no  direct  method  of  .determining  the  change  of  migration-velocity 
with  the  concentration,  is  known.  But  the  following  principle,  which 
has  an  important  significance  with  reference  to  the  relative  influence  of 
concentration  on  the  velocities  of  different  ions,  has  been  established  by 
measurements  of  the  concentration-changes  at  the  electrodes  attending 
the  electrolysis  of  salt  solutions. 

The  transference  number,  or  ratio  of  the  conductivity  of  one  ion  to 
the  sunt  of  the  conductivities  of  both  ions,  is  constant  within  cue  per 
cent.,  between  the  concentrations  of  ^\-^  and  ■£$  normal,  for  all  salts 
thus  far  accurately  investigated,  except  lithium  chloride,  the  kalides  of 
bivalent  metals,  and  cadmium  sulphate. 

This  principle  holds  true,  according  to  the  results  of  various  inves- 
tigators, in  the  case  of  potassium  and  sodium  chlorides,  hydrochloric 
and  nitric  acids,  silver  nitrate,  barium  nitrate,  potassium  sulphate,  and 
copper  sulphate  —  thus  in  the  case  of  salts  of  the  three  different  ionic 
types,  which  I  will  speak  of  as  the  uni-univalent,  the  unibivalent,  and 
the  bi-bivalent  types,  in  correspondence  with  the  valences  of  the  two 
ions  composing  the  salt. 

Two  conclusions  are  to  be  drawn  from  this  result.  The  first  is,  that 
complex  ions  are  not  present  in  important  quantity  in  the  solutions  of 
these  salts.  And  the  second  is,  that  the  migration-velocities  of  the  two 
ions  of  a  salt  vary  by  the  same  percentage  amount,  if  they  vary  at  all, 
with  changes  in  its  concentration.  It  is  scarcely  admissible,  however, 
to  regard  this  last  fact  even  as  an  indication  that  the  hypothesis  of 
constant  migration-velocities  is  correct;  for  any  change  in  the  charac- 
ter of  the  liquid  medium  might  well  affect  the  velocities  of  different 
ions  not  far  from  equally. 

Important  evidence  in  regard,  to  this  hypothesis  and  that  stating 
that  ions  and  the  un-ionized  molecules  associated  with  them  have  a 
normal  osmotic  pressure  is,  however,  furnished  by  the  agreement  of 
the  ionization  values  derived,  on  the  one  hand,  from  the  conductivity- 
ratio,  and,  on  the  other,  from  the  properties  thermodynamically  related 
to  osmotic  pressure.  Three  of  these  properties  have  been  measured 
with  sufficient  accuracy  with  certain  electrolytes  to  make  the  results 
of  significance,  namely,  the  freezing-point  lowering,  the  electromotive 
force  of   concentration  cells,  and  the  heat  of  solution  in  relation  to 
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change  of  solubility  with  the  temperature.  Under  the  assumption  that 
osmotic  pressure  and  gaseous  pressure  are  equal  under  identical  condi- 
tions, a  relation  between  each  of  these  properties  and  the  degree  of 
ionization  of  an  electrolyte  can  be  derived  with  the  help  of  the  second 
law  of  energetics.  Then,  either  this  ionization  value  may  be  directly 
compared  with  the  conductivity-ratio,  or,  assuming  provisionally  that 
the  latter  is  a  correct  measure  of  ionization,  the  magnitude  of  the 
property  in  question  may  be  calculated,  and  the  result  compared  with 
that  obtained  by  direct  measurement.  In  the  case  of  the  freezing- 
point  lowering,  I  have  adopted  the  first  of  these  methods.  For  the 
five  salts  for  which  both  reliable  freezing-point  determinations  and 
accurate  conductivity  measurements  at  o°  exist,  the  ionization  values 
corresponding  to  both  of  these  properties  have  been  computed.  Espe- 
cial attention  was  given  to  the  selection  of  the  best  value  of  the 
freezing-point  lowering  constant  and  to  the  extrapolation  of  the  con- 
ductivity for  zero  concentration,  the  details  of  which  cannot  be  here 
described.     The  results  may  be  summarized  as  follows: 

In  case  of  the  two  uni-univalent  salts  and  the  three  unibivalent 
salts  hitherto  carefully  investigated,  the  ionization  values  derived  from 
freezing-point  lowering  do  not  differ  from  those  derived  from  conduc- 
tivity, between  the  concentrations  of  ^^  and  ^  normal,  by  more  than 
2  or  J  per  cent. 

The  five  salts  referred  to  are  potassium  and  sodium  chlorides, 
potassium  and  sodium  sulphates,  and  barium  chloride.  The  two  sets 
of  values  for  potassium  chloride,  for  which  an  abundant  experimental 
material  exists,  exhibit  no  pronounced  or  systematic  differences;  but 
for  the  other  four  salts  the  freezing-point  leads  to  values  which  are  in 
general  from  two  to  three  per  cent,  higher  at  all  concentrations  than 
the  conductivity-ratio.  The  fact  that  these  differences  do  not,  as  a  rule, 
increase  with  increasing  concentration  indicates  that  they  may  be  due 
to  some  constant  experimental  error,  or  to  an  error  in  the  extrapolated 
conductivity  value. 

Accurate  measurements  have  been  made  by  Jahn  of  the  electro- 
motive force  of  concentration  cells  consisting  of  two  silver  or  mercury 
electrodes  covered  with  silver  chloride  or  mercurous  chloride,  one  of 
which  is  immersed  in  a  weak  solution  and  the  other  in  a  strong 
solution  of  sodium  or  potassium  chloride.  These  measured  values 
were  compared  by  him  with  those  calculated  from  the  thermodynamic 
relation  between  electromotive  force  and  the  concentrations  and  degrees 
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of  ionization  of  the  salt  in  the  cell.  Unfortunately,  however,  the  ther- 
modynamic relation  employed  involved  the  assumption  that  the  ioniza- 
tion varies  with  the  concentration  in  accordance  with  the  Mass-Action 
Law  —  an  assumption  which  is  known  not  to  be  true  of  the  ionization 
values  derived  from  conductivity.  The  assumption  is,  therefore,  an 
irrational  one  —  one  by  which  the  question  at  issue  is  prejudged. 
What  should  be  done  in  calculating  the  electromotive  force  so  as  to 
determine  whether  the  conductivity  ratio  gives  ionization  values  con- 
sistent with  the  measured  electromotive  forces,  is  evidently  to  assume 
that  the  ionization  changes  with  the  concentration  in  the  way  that  the 
conductivity  indicates  that  it  does.  Arrhenius  recognized  this  error 
and  partially  corrected  for  it  by  a  method  of  approximation.  I  have 
repeated  the  calculations  by  an  exact  thermodynamic  formula  based 
on  an  empirical  law  expressing  the  change  of  the  conductivity-ratio 
with  the  concentration,  to  which  I  will  refer  later.  The  results  are 
summed  up  in  the  statement  that,  when  the  conductivity-ratio  is 
assumed  to  represent  the  degree  of  ionization  of  the  salt,  the  calcu- 
lated values  of  the  electromotive  force  of  com ent ration  cells  exceed  the 
measured  ones  by  only  about  one  per  cent,  in  the  case  of  potassium 
and  sodium  chloride  between  the  concentrations  of  ^  ^  and  ^  normal. 
The  measured  electromotive  force  corresponds  to  an  ionization  value  at 
the  latter  concentration  about  one  per  cent,  less  than  the  conductivity- 
ratio. 

'  The  thermodynamic  relation  involving  heat  of  solution  has  been 
accurately  tested  with  only  one  salt  —  potassium  perchlorate;  but  since 
it  is  a  different  salt  from  those  used  in  the  other  experiments,  and 
since  its  concentration  was  fairly  high  —  £  normal  —  the  result  is  of 
interest.  It  was  found  that  the  measured  heat  of  solution  was  less  by 
only  J.I  per  cent,  than  that  calculated  under  the  assumption  that  the 
conductivity-ratio  is  equal  to  the  degree  of  ionization.  The  measured 
heat  of  solution  corresponds  to  an  ionization  value  2^  per  cent,  lower 
than  the  conductivity-ratio. 

With  respect  to  these  small  deviations  of  the  results  obtained  by 
the  three  methods  of  comparison,  it  is  important  to  note  that  they  lie 
in  opposite  directions,  the  freezing-point  lowering  corresponding  to 
larger  values  of  the  ionization,  and  the  measured  electromotive  forces 
and  heat  of  solution  to  smaller  ones  than  the  conductivity-ratio.  This 
fact  makes  it  almost  certain  that  they  are  due  to  experimental  errors. 
Nevertheless,  further  exact  measurements  of  all  these  properties  are 
highly  desirable. 
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From  a  theoretical  standpoint  these  three  methods  are  based  on 
the  same  hypotheses  —  namely,  that  the  osmotic  pressure-constant  for 
ions  and  un-ionized  molecules  is  identical  with  the  gas-constant ;  that 
the  conductivity-ratio  is  a  correct  measure  of  ionization,  and  that  com- 
plex molecules  or  ions  are  not  present  in  the  solution.  The  concordance 
of  the  results  furnishes,  therefore,  a  strong  confirmation  of  the  correct- 
ness of  these  fundamental  hypotheses.  The  only  alternative  conclusion 
is  that  an  error  in  one  of  these  hypotheses  is  compensated  by  an  error 
of  opposite  effect  in  one  of  the  others ;  but  it  seems  very  improbable 
that  such  a  compensation  could  occur  in  the  case  of  so  many  salts  of 
different  chemical  nature  and  different  types  through  the  range  of  con- 
centration (^1^  to  \  normal)  for  which  the  agreement  of  .the  experimental 
results  has  been  shown  to  hold  true.  It  is  certainly  more  consistent 
with  the  modern  methods  of  science  to  adopt  these  simpler  hypotheses, 
which  are  in  full  accord  with  the  considerable  number  of  facts  thus  far 
known,  than  deliberately  to  introduce  more  complicated  assumptions  for 
which  there  is  at  present  no  experimental  warrant. 

The  combination  of  these  hypotheses  with  the  experimental  values 
of  the  quantities  involved  at  varying  concentrations  makes  necessary 
the  further  conclusion  that  the  degree  of  ionization  of  salts,  whether 
derived  frotn  the  conductivity-ratio  or  from  thermodynamic  relations 
involving  the  equality  of  the  osmotic-pressiire-constant  and  the  gas- 
constant^  does  not  vary  with  the  concentration  even  approximately  in 
accordance  with  the  Law  of  Chemical  Mass-Action. 

This  empirical  consequence  of  the  fundamental  hypotheses  of  the 
Ionic  Theory  has  led  several  investigators  to  raise  a  theoretical  objec- 
tion to  them,  it  being  contended  that  the  laws  of  thermodynamics 
require  that  the  validity  of  these  hypotheses  involves  that  of  the  Mass- 
Action  Law  itself.  This  apparent  inconsistency  between  the  inductive 
and  deductive  conclusions  makes  it  probable  that  some  unproved, 
erroneous  assumption  is  tacitly  involved  in  the  theoretical  derivation. 
That  there  is,  in  fact,  a  possible  alternative,  which  has,  I  believe,  been 
previously  overlooked  in  the  thermodynamic  discussions,  will  be  evi- 
dent from  the  following  considerations.  The  thermodynamic  relations 
between  ionization  and  freezing-point,  electromotive  force,  or  heat  of 
solution,  involve  only  the  assumption  that  the  work  done  in  reversibly 
separating  water  from  a  solution  at  constant  concentration  is  equal  to 
that  done  in  producing  the  same  volume-change  in  a  gas,  which  implies, 
of  course,  that  the  ions  and  un-ionized  molecules  have  in  the  presence 
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of  each  other  normal  osmotic  pressures.  On  the  other  hand,  the  deri- 
vation of  the  Mass-Action  Law  equation  is  based  on  cyclical  processes, 
which  necessarily  involve  the  separate  introduction  and  removal  of  the 
un-ionized  molecules  and  of  the  ions  into  or  from  solutions  of  different 
concentrations,  and  it  further  involves  the  assumption  that  this  intro- 
duction or  removal  of  molecules  or  ions  can  be  effected  by  the  applica- 
tion of  an  external  pressure  equal  to  that  osmotic  pressure  which  each 
of  them  possesses  in  the  mixture ;  that  is,  the  possibility  is  ignored 
that  the  separation  of  the  molecules  from  the  ions  may  itself  give  rise 
to  some  new  force,  and  may  involve,  consequently,  another  quantity  of 
work  than  that  corresponding  to  the  osmotic  pressure.  The  Ionic 
Theory  would  evidently  predict  a  result  of  this  kind  if  an  attempt 
were  made  to  separate  the  positive  ions  from  the  negative,  even 
though  their  osmotic  pressures  when  present  together  were  perfectly 
normal ;  and  it  is  quite  conceivable,  even  though  the  reason  for  it  be 
not  apparent,  that  the  separation  of  the  un-ionized  molecules  from  the 
ions,  with  which  they  may  be  in  electrical  as  well  as  chemical  equilib- 
rium, should  involve  an  abnormal  quantity  of  work.  The  assertion 
that  the  validity  of  the  osmotic  pressure  principle  necessarily  implies 
that  of  the  Mass- Act  ion  Law  is  therefore  unwarranted  from  a  deductive 
standpoint ;  while  the  inductive  evidence,  pointing  strongly  as  it  does 
to  the  substantial  correctness  of  the  former  principle  and  the  complete 
inadequacy  of  the  latter  one,  makes  it  highly  probable  that  the  separa- 
tion of  un-ionized  molecules  from  ions  does  involve  the  expenditure  of 
other  work  than  that  corresponding  to  their  osmotic  pressures. 

Since  the  ionization  does  not  change  with  the  concentration  in 
accordance  with  the  Mass-Action  Law  it  is  natural  to  inquire  what 
the  law  of  its  change  is.  This  matter  has  been  investigated  from 
an  empirical  standpoint  by  several  investigators  with  the  help  of  the 
conductivity  data.  The  results  justify  the  statement  of  the  following 
principles : 

The  un-ionized  fraction  of  a  salt  as  determined  from  the  conductivity- 
ratio  is  proportional  to  the  cube-root  of  its  total  concentration,  or  to 
that  of  its  ion-concentration,  between  -$■§§-§  and  -^  normal,  in  the  case 
of  both  uni-univalent  and  unimultivalcnt  salts.  That  is,  1  —  7  =  Kc\ 
or  1  —  7  =  K(cy)*,  where  7  is  the  degree  of  ionization,  c  the  concentra- 
tion, and  K  a  constant.  The  first  of  these  functions  was  proposed  by 
Kohlrausch,  the  second  by  Barmwater.  Owing  to  the  relatively  small 
variation  of  the  ionization,  these  two  functions  cannot  differ  much  as 
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to  their  constancy,  but  on  the  whole  the  experimental  data  indicate 
that  the  second  function  is  somewhat  more  constant.  The  average 
deviations  of  the  actual  measurements  from  the  values  corresponding 
to  this  function  are  \  per  cent,  in  the  case  of  ten  uni-univalent  salts, 
\  per  cent,  in  the  case  of  nine  unibivalent  salts,  and  also  ^  per  cent 
in  the  case  of  three  uni-tri-  and  uniquadrivalent  salts.  The  maximum 
deviations  are  two  or  three  times  as  great.  It  is  of  interest  to  note 
that  the  strong  mineral  acids,  hydrochloric  and  nitric,  behave  like  salts 
in  this  respect.  These  functions  have  been  shown  to  apply  to  potas- 
sium and  sodium  chlorides  through  a  range  of  temperature  extending 
from  1 8°  to  3060.  They  do  not  apply  at  all  closely  to  such  salts  of 
the  bi-bivalent  type  as  magnesium  and  copper  sulphates,  perhaps  owing 
to  appreciable  hydrolysis.  •  Nor  do  they  represent  satisfactorily  the 
experimental  data  for  any  kind  of  salts  at  the  very  low  concentrations 
lying  between  -j^Wir  and  t^W  normal,  nor  at  concentrations  higher 
than  £  normal. 

The  experimental  results  are  also  well  expressed  by  the  statement 
that  in  the  case  both  of  uni-univalent  and  unibivalent  salts,  between 
the  concentrations  of  y^Joi^  an^  \  norma^  ^ie  concentration  of  the 
un-ionized  molecules  is  proportional  to  the  concentration  of  the  ions 
raised  to  a  constant  power,  varying  somewhat  with  the  salt  and  the 
temperature,  but  as  a  rule  only  between  the  limits  of  f.43  and  I.56. 
That  is,  c  (1  —  7)  =  K(cy)H,  where  «>i-43  and  <i.s6. 

This  general  function  was  first  applied  by  Storch  and  was  afterwards 
further  discussed  by  Euler  and  Bancroft.  It  has  the  advantage  over 
the  previous  ones  that  it  represents  the  data  with  accuracy  even  up 
to  the  highest  dilutions,  and  therefore  can  be  used  for  obtaining  the 
limiting  conductivity  at  zero  concentration. 

The  applicability  to  the  salts  of  different  types  of  either  of  these 
principles  governing  the  change  of  ionization  with  the  concentration 
leads  to  the  important  conclusion  that  the  form  of  the  coticentration 
function  is  independent  of  the  number  of  ions  into  which  the  mole- 
cules of  the  salt  dissociate.  This  remarkable  fact,  though  previously 
recognized,  has  not  been  sufficiently  emphasized,  and  it  has  been  often 
ignored  in  discussions  of  the  cause  of  the  deviation  of  the  ionization 
of  salts  from  the  requirements  of  the  Mass-Action  Law.  It  seems 
to  me  to  show  almost  conclusively  that  chemical  mass-action  has  no 
appreciable  influence  in  determining  the  equilibrium  between  ions  and 
un-ionized  molecules.     How  complete  the  contradiction  with  the  Mass- 
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Action  Law  is,  may  be  illustrated  by  citing  the  specific  facts  that  for 
di-ionic,  tri-ionic,  and  tetra-ionic  salts  this  law  requires  that  the  con- 
centration of  the  un-ionized  molecules  be  proportional  to  the  square, 
.the  cube,  and  the  fourth  power,  respectively,  of  the  concentration  of 
the  ions;  while  the  experimental  data  show  that  it  is  approximately 
proportional  to  the  |-  power  of  that  concentration,  whatever  may  be 
the  type  of  salt. 

Having  seen  in  what  manner  the  degree  of  ionization  varies  when 
the  concentrations  of  both  ions  of  the  salt  are  simultaneously  varied 
by  dilution,  it  is  of  interest  to  determine  the  effect  of  changing  the 
concentration  of  either  ion  separately.  A  study  of  the  conductivity 
and  the  freezing-point  of  mixtures  of  two  salts  having  one  ion  in 
common  throws  much  light  upon  this  question,  for  the  following 
simple  principle  has  been  found  to  represent  this  phenomenon :  The 
conductivity  and  the  freezing-point  lowering  of  a  mixture  of  salts 
having  one  ion  in  common  are  those  calculated  under  the  assumption 
that  the  degree  of  ionization  of  each  salt  is  that  which  it  would  have 
if  present  alone  at  such  an  equivalent  concentration  that  the  concen- 
tration of  either  of  its  ions  were  equal  to  the  sum  of  the  equivalent 
concentratiofis  of  all  the  positive  or  negative  ions  present  in  the  mixture. 

This  somewhat  complicated  statement  may  be  illustrated  by  the 
following  example:  Suppose  that  a  mixed  solution  is  0.1  normal  with 
respect  to  sodium  chloride  and  0.2  normal  with  respect  to  sodium 
sulphate,  and  that  it  is  0.18  normal  with  reference  to  the  positive  or 
negative  ions  of  these  salts.  The  principle  then  requires  that  the 
ionization  of  either  of  these  salts  in  the  mixture  be  the  same  as  it  is 
in  water  alone  when  its  ion-concentration  is  0.18  normal. 

This  principle  in  regard  to  the  conductivity  of  mixtures,  which  has 
been  definitely  stated  by  Arrhenius,  is  shown  by  the  existing  data  to 
hold  true  almost,  if  not  quite,  within  the  small  experimental  error  of 
the  determinations  both  for  mixtures  of  salts  of  the  same  type  and 
for  those  of  salts  of  different  types  up  to  a  concentration  of  at  least 
\  normal.  Experiments  confirming  this  principle  have  been  made  upon 
eight  pairs  of  uni-univalent  salts  by  Arrhenius,  Manson,  and  Barmwater. 
In  addition,  the  principle  has  been  shown  by  several  Canadian  inves- 
tigators, Archibald,  McKay,  and  Barnes,  to  hold  true  for  mixtures  of 
potassium  and  sodium  sulphates,  potassium  and  copper  or  magnesium 
sulphates  (up  to  0.1  normal),  potassium  sulphate  and  chloride,  barium 
and  sodium  chlorides,  and  zinc  and  copper  sulphates— - thus  for  almost 
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every  possible  typical  combination  of  uni-uni-,  uni-bi-,  and  bi-bivalent 
salts.  That  the  same  principle  is  true  of  the  freezing-point  lowering 
is  shown  by  the  measurements  of  Archibald  with  mixtures  of  potas- 
sium and  sodium  sulphate.  This  proves  that  the  phenomenon  really 
has  reference  to  the  degree  of  ionization  and  that  it  does  not  arise 
from  a  possible  variation  in  the  migration-velocities  of  the  ions. 

Of  especial  interest  is  the  relation  of  this  principle  to  the  validity 
of  the  Mass-Action  Law.  Almost  all  investigators  of  the  conductivity 
of  mixtures  have  concluded  from  the  fact  that  upon  mixing  solutions  of 
equal  ion-concentration  there  is  no  change  in  ionization,  that  the  results 
do  conform  to  this  law.  Yet  it  is  scarcely  conceivable  that  this  law 
can  apply  to  mixtures  of  salts  in  which  the  concentration  of  one  ion 
is  varied  while  maintaining  that  of  the  other  constant,  in  view  of  the 
fact  that  it  is  known  not  to  hold  true  for  the  variations  of  the  concen- 
trations of  both  ions  produced  by  dilution.  And  in  reality  this  con- 
clusion, if  regarded  as  a  general  expression  of  the  facts,  is  entirely  • 
unwarranted.  It  is  true  that  for  certain  typical  combinations  of  salts 
—  those  for  which  from  one  molecule  of  each  salt  results  by  ionization 
not  more  than  one  ion  of  the  kind  not  common  to  the  salts  —  the 
principle  here  stated  does  coincide  with  the  requirement  of  the  Mass- 
Action  Law.  But  for  combinations  not  so  characterized  the  Mass-Action 
Law  predicts,  as  is  readily  seen  upon  formulating  the  equations,  a  con- 
ductivity of  the  mixture  widely  divergent  from  that  actually  found, 
and,  therefore,  from  that  expressed  by  the  principle  under  consideration. 
This  last  statement  applies,  for  example,  to  the  mixtures  before  referred 
to  of  potassium  sulphate  with  sodium  sulphate,  and  of  potassium  sul- 
phate with  copper  or  magnesium  sulphate,  the  first  of  which  have  been 
studied  both  with  respect  to  their  conductivity  and  freezing-point.  The 
Law  of  Chemical  Mass-Action  here  again  shows  itself  entirely  inappli- 
cable to  the  phenomena  connected  with  the  ionization  of  salts.  That 
some  investigators  have  thought  that  the  deviations  from  this  law 
indicated  by  the  conductivity  were  only  apparent,  and  that  they  were 
attributable  to  variations  in  the  migration-velocity,  has  arisen,  no  doubt, 
from  the  fact  that  they  have  confined  their  attention  to  di-ionic  salts, 
and  have  failed  to  recognize,  on  the  one  hand,  the  striking  divergences 
from  it  exhibited  by  tri-ionic  salts,  and,  on  the  other,  the  substantial 
correspondence  of  the  conductivity  and  freezing-point  results. 

Combining  this  principle  in  regard  to  the  ionization  of  mixed  salts 
in   solution  with  the  empirical  concentration  law  of  Storch  for  single 
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salts,  we  are  led  to  the  conclusion  that  the  ratio  of  the  concentration 
of  the  un-ionized  part  to  the  product  of  the  concentrations  of  the  two 
ions  (but  in  the  case  of  tri-ionic  salts  not  raised  to  a  power  correspond- 
ing to  the  requirements  of  the  Mass-Action  Law)  is  a  function  of  the 
sum  of  the  equivalent  concentrations  of  all  the  ions  in  the  solution  and 
of  that  alone.1  This  ratio  is,  moreover,  roughly  inversely  proportional 
to  the  square  root  of  the  total  ion-concentration. 

The  correctness  of  this  principle  is  further  demonstrated  by  the 
fact  that  with  its  aid  the  conductivity  of  a  mixture  of  two  salts  with- 
out a  common  ion  can  be  computed  from  their  separate  conductivities. 
This  is  shown  by  the  conductivity  measurements,  made  by  Archibald 
and  more  recently  by  Sherrill,  upon  mixtures  of  potassium  chloride  and 
sodium  sulphate,  or  of  sodium  chloride  and  potassium  sulphate.  Up  to 
at  least  0.2  normal  concentration,  the  agreement  between  the  observed 
and  calculated  values  is  within  0.5  per  cent.  On  the  other  hand,  the 
divergence  of  the  observed  values  from  the  requirement  of  the  Mass- 
Action  Law  amounts  to  many  per  cent. 

It  seems  appropriate  at  once  to  supplement  these  principles  in 
regard  to  the  form  of  the  concentration  function  by  a  statement  of 
two  general  rules  which  have  been  found  to  express  the  magnitude 
of  the  ionization  of  salts  of  different  types.  These  rules,  unlike  the 
preceding  principles,  are  only  crude  approximations ;  but,  nevertheless, 
they  prove  of  some  assistance  in  rough  applications  of  the  Ionic 
Theory,  and  undoubtedly  possess  an  important  theoretical  significance 
not  yet  recognized.  They  may  be  stated  as  follows:  (1)  the  decrease 
of  ionization  with  increasing  co?icentration  is  roughly  constant  in  the 
case  of  different  salts  of  the  same  type ;  and  (2)  the  un-ionized  frac- 
tion at  any  definite  molal  concentration  is  roughly  proportional  to  the 
product  of  the  valences  of  the  two  ions  hi  the  case  of  salts  of  differ- 
ent types.  Thus,  at  o.  1  normal  concentration  the  mean  value  of  the 
degree  of  ionization  for  17  uni-univalent  salts  measured  at  180  is  83.3 
per  cent.,  the  average  deviation  of  the  separate  values  from  this  mean 
is  2.1  per  cent.,  and  the  maximum  deviation  of  any  of  them  is  5.4  per 
cent,  of  the  mean  value ;  while  for  fourteen  unibivalent  salts  the  mean 
value  is  69.8  per  cent.,  the  average  deviation  5  per  cent,  of  this,  and 


1This  is   expressed  mathematically  by  the  following   equation,  in  which  ci  and  c2 
represent  the  equivalent  concentrations  of  the  two  salts,  and  yi  and  y*  their  degrees  of 

ionization  in  the  presence  of  each  other:      l       }  =  J£\[c\Y\  -j-  c*yz)n~l. 
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the  maximum  deviation  about  10  per  cent,  of  it.  The  un-ionized  frac- 
tion in  -£§  molal  solution  is  1 3 J-  per  cent,  for  these  univalent  salts;  3a 
per  cent.,  or  about  twice  as  great,  for  the  unibivalent  salts ;  and  60  per 
cent.,  or  about  four  times  as  great,  for  the  three  bi-bivalent  salts  inves- 
tigated (zinc,  magnesium,  and  copper  sulphates).  The  salts  of  mercury 
and  cadmium  are  pronounced  exceptions  to  the  rule. 

Far  more  extensive  material  for  testing  these  rules  is  furnished  by 
the  measurements  made  at  250  between  the  concentrations  of  ^  and 
T02i  normal-     In  the  case  °f  ^e  uni-univalent  salts,  data  exist  at  this 
temperature  and  these  concentrations  for  thirty-six  inorganic  salts,  about 
sixty-five  sodium  salts  of  organic  acids,  and  about  an  equal  number  of 
hydrochlorates  of   organic  bases.      A  consideration  of   all  these  data 
shows  that,  with  only  three  or  four  exceptions  not  of  a  pronounced 
character,  the  values  of  the  degree  of  ionization  of  all  these  salts  in 
-£$  normal  solution  lie  between  the  limits  of  84  and  90  per  cent,  and 
are  fairly  uniformly  distributed  throughout  this  range  of  6  per  cent. 
For  sixty-seven  unibivalent  salts  the  corresponding  limits  of  the  ioniza- 
tion values  are  72  and  81  per  cent.,  while  for  only  four  such  salts  do 
the   values   lie   beyond   these   limits.      For   the   six   unitrivalent   salts 
.  investigated  the  range  is  from  67  to  76  per  cent. ;  for  the  three  uni- 
quadrivalent  salts  from  59  to  63  per  cent. ;  and  for  twelve  bi-bivalent 
salts  from  49  to  63  per  cent.,  while  three  such  salts  show  more  con- 
siderable variations.     The  values  of  the  un-ionized  fraction  correspond- 
ing to  the  mean  of  these  two  limits  for  the  different  types  of  salts  at 
the  same  equivalent  concentration  increase  somewhat  more  slowly  than 
the  product  of  the  valences  of  the  ions.     The  proportionality  becomes 
a  fairly  close  one,  however,  when  the  salts  are  compared  at  the  same 
molal  instead  of  the   same  equivalent  concentration.     Thus,  with  the 
help  of   the   Kohlrausch   concentration-function,   it  is  calculated   from 
the  preceding  values  that  the  un-ionized  fractions  in  ^  molal  solution 
are  as  follows : 

13     per  cent,  for  the  uni-univalent  salts, 
29$-  P^r  cent,  for  the  unibivalent  salts, 
41     per  cent,  for  the  unitrivalent  salts, 
62     per  cent,  for  the  uniquadrivalent  salts, 
55     per  cent,  for  the  bi-bivalent  salts, 
which   are    seen   to   be   approximately   the   required   multiples   of   the 
constant  factor  14. 

Before  leaving  this   subject   it  should   be   stated   that   the    results 
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conform,  on  the  whole,  about  equally  well  with  the  rule  that  the  de- 
crease of  equivalent  conductivity  (instead  of  ionization)  is  roughly 
constant  for  salts  of  the  same  type ;  and,  when  the  comparison  is 
made  at  the  same  equivalent  concentration,  distinctly  better  to  the 
rul6  that  the  decrease  of  equivalent  conductivity  is  proportional  to 
the  product  of  the  valences  of  the  ions  for  salts  of  different  types. 
When  compared  at  the  same  molal  concentration,  however,  this  rule 
does  not  apply.  These  rules  were  originally  stated  by  Ostwald.  They 
differ  not  inconsiderably  from  those  expressing  the  change  in  ioniza- 
tion—  namely,  to  an  extent  corresponding  to  the  variations  of  the 
conductivities  at  extreme  dilution.  The  deviations  are  so  irregular, 
however,  that,  from  an  empirical  standpoint,  the  choice  between  the 
two  pairs  of  rules  is  arbitrary.  In  either  form  these  rules  seem  to 
justify  the  inference  .that  the  degree  of  ionization  of  salts,  unlike  that 
of  the  organic  acids  and  bases,  is  not  primarily  a  specific  chemical 
property  determined  by  chemical  affinity,  but  that  it  is  determined, 
at  least  in  the  main,  by  the  magnitude  of  the  electric  charges  on  the 
ions. 

The  establishment  of  the  principle  in  regard  to  the  ionization  of 
a  mixture  of  salts  has  a  direct  bearing  on  the  phenomenon  of  the 
effect  of  one  salt  on  the  solubility  of  another  with  a  common  ion.  It 
has  been  usually  assumed  that  in  a  (not  too  concentrated)  saturated 
solution  the  un-ionized  molecules  of  the  salt  always  have  the  same 
concentration;  and,  secondly,  that  the  product  of  the  ion  concentra- 
tions (each  raised  to  a  power  corresponding  to  the  number  resulting 
from  one  molecule)  also  retains  the  same  value.  And  the  experimental 
results  in  several  cases  have  been  shown  to  accord  fairly  well  with 
these  two  hypotheses.  Yet  their  simultaneous  validity  is  quite  incon- 
sistent with  the  principle  in  regard  to  the  ionization  in  mixtures.  In 
fact,  when  considered  in  the  light  of  this  principle,  the  existing  data 
lead  to  the  conclusion  that  the  former  hypothesis  is  not  even  approxi- 
mately true,  and  that  the  latter  one,  at  any  rate  in  cases  where  the 
ionization  is  far  from  complete,  is  affected  by  a  considerable  error. 
One  example  may  be  cited :  when  thallium  chloride  and  bromate,  each 
of  which  alone  has  a  solubility  of  about  ^  normal  in  water  at  400, 
are  simultaneously  present  as  solid  phases,  the  solubility  of  each  is 
reduced  by  the  other  to  an  extent  which  shows  that  the  concentration 
of  the  un-ionized  molecules  is  diminished  by  about  15  per  cent,  and 
that  the  product  of  the  ion-concentrations  is  increased  by  about  5  per 
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cent.  This  case  is  a  typical  one ;  but  what  the  quantitative  law  of 
the  influence  in  question  is,  can  be  determined  only  by  a  further  study, 
of  the  phenomenon.  In  the  case  of  tri-ionic  salts,  the  ion-concentration 
product  is  even  approximately  constant,  only  when  the  square  —  not 
when  the  first  power — of  the  concentration  of  the  univalent  ion  is 
employed.  This  has  been  shown  by  experiments  with  lead  iodide  in 
the  presence  of  potassium  iodide,  with  lead  chloride  in  that  of  other 
chlorides,  and  with  calcium  hydroxide  in  that  of  ammonium  chloride. 
I  will  close  by  calling  your  attention  to  a  remarkable  principle  in 
regard  to  the  properties  of  salt  solutions,  of  a  character  quite  distinct 
from  those  thus  far  considered.  That  many  properties  of  dilute  salt 
solutions  can  be  expressed  as  the  sum  of  values  assigned  once  for  all 
to  the  constituent  radicals  or  ions  was  long  ago  recognized,  and  has 
often  been  cited  as  a  corollary  from  the  Ionic  Theory.  That  this 
additivity  of  properties  persists  up  to  fairly  high  concentrations  is  a 
fact,  however,  that  has  received  scant  consideration,  owing  to  its  appar- 
ent lack  of  relationship  to  that  theory.  This  fact  is  shown  strikingly 
in  the  case  of  certain  highly  specific  optical  properties  which  are  ordi- 
narily found  to  be  dependent  in  a  high  degree  on  molecular  structure. 
Thus,  the  experimental  data  fully  warrant  the  statement  of  the  princi- 
ple that  the  optical  activity  and  the  color  of  salts  in  solution,  when 
referred  to  equivalent  quantities,  are  independent  of  the  concentration 
and  therefore  of  the  degree  of  ionization  of  the  salts,  and  are  additive 
with  respect  to  the  properties  of  the  constituent  ions  even  up  to  concc?i- 
t  rat  ions  where  a  large  proportion  of  the  salt  is  in  the  ufi-ionized  state. 
Abundant  data  might  be  cited  in  support  of  this  principle,  especially 
with  reference  to  optical  activity.  But  I  can  only  illustrate  the  char- 
acter of  the  evidence  by  presenting  a  few  of  the  results  obtained  by 
Walden  with  the  salts  of  oc-brom  camphor  sulphonic  acid.  In  ^-0 
normal  solution  he  found  the  following  values  of  the  molal  rotatory 
power : 
Lithium  salt 
Sodium  salt 
Potassium  salt 
Thallium  salt 

The  values  are  seen  to  be  substantially  identical,  although  the 
conductivity  shows  the  acid  to  have  an  un-ionized  fraction  of  7  per 
cent.,  the  salts  of  the  univalent  metals  one  of  16  per  cent.,  and  those 
of  the  bivalent  metals  one  of  30  per  cent.,  and  although  the  un-ionized 
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molecules  present  contain  in  some  cases  the  elements  hydrogen,  lithium, 
and  beryllium  of  very  small  atomic  weights,  and  in  two  others  the 
elements  thallium  and  barium  of  large  atomic  weights. 

If  there  were  not  other  evidence  to  the  contrary,  the  existence  of 
this  general  principle,  which  is  also  applicable  to  many  other  proper- 
ties, would  almost  warrant  the  conclusion  that  the  salts  are  completely 
ionized  up  to  the  concentration  in  question,  and  that  the  decrease  in 
conductivity  is  due  merely  to  a  change  in  migration-velocity.  But, 
in  view  of  the  apparently  conclusive  evidence  against  such  a  hypothesis, 
we  can  only  conclude  that  the  form  of  union  represented  by  the  un- 
ionized molecules  of  salts  differs  essentially  from  ordinary  chemical 
combination,  it  being  so  much  less  intimate  that  the  ions  still  exhibit 
their  characteristic  properties,  in  so  far  as  these  are  not  dependent 
upon  their  existence  as  separate  aggregates. 

These,  then,  are  the  empirical  principles  to  which  a  critical  analysis 
of  the  experimental  data  leads.  Upon  these  principles  must  be  based 
the  rational,  theoretical  explanation  of  the  phenomena  in  question.  The 
discovery  of  that  explanation  constitutes  one  of  the  most  important  of 
the  present  problems  of  physical  chemistry. 
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SANITARY  PLUMBING  AND  OUR  PLUMBING  LAWS, 
WITH  SUGGESTIONS  FOR  THEIR  REVISION  AND 
SIMPLIFICA  TION. 

By  J.  PICKERING  PUTNAM. 
(Read  November  10,  1304  ) 

It  is  now  recognized  by  students  of  the  subject  that  both  legislation 
and  common  practice  in  one  of  the  most  important  lines  of  sanitary 
engineering  have  for  a  long  time  been  directly  opposed  to  the  actual 
demonstrations  of  science,  and  to  the  teachings  of  acknowledged 
authorities. 

The  public  has  preferred  to  submit  to  a  very  burdensome  form  of 
taxation  rather  than,  by  independent  experiment  on  suitable  apparatus, 
to  establish  the  truth  for  itself  by  proper  proofs  where  conflicting 
opinions  as  to  the  facts  exist.  It  has  assumed  the.  right  to  legislate, 
but  not  always  to  investigate,  and  this  even  in  cases  where  direct 
investigation  is  clearly  essential  to  serviceable  legislation. 

Since,  however,  no  attempt  at  exhaustive  public  investigation  had 
been  made,  so  far  as  I  could  ascertain,  to  establish  a  sound  basis  for 
plumbing  legislation,  and  since  the  public  records  of  private  investiga- 
tions were  both  incomplete  and  fundamentally  conflicting,  I  decided 
so  far  back  as  1883  to  make  an  attempt  myself  to  obtain  sufficient 
data  for  independent  judgment  by  careful  original  experiment,  and  tne 
work  has  been  carried  on  up  to  the  present  time.  These  investiga- 
tions were  made  originally  in  behalf  of  a  medical  client  who,  like 
myself,  considered  sanitation  of  primary  importance  in  the  construc- 
tion of  his  house.  They  have  established  certain  facts  which  had 
previously  been  in  dispute,  and  have  suggested  certain  improvements 
of  a  fundamental  character,  which  will  be  placed  before  you  tonight. 

The  committee  on  the  revision  of  the  building  laws,  appointed  this 
year  by  the  Boston  Society  of  Architects,  have  invited  their  fellow- 
architects  to  aid  them  by  sending  suggestions  for  such  revision  to  be 
presented  to  the  legislature  this  winter,  and  this  invitation  is  responsi- 
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ble  for  the  demonstrations  and  suggestions  you  are  to  consider  with 
us  tonight.  It  is  with  the  hope  of  being  able  to  aid  our  legislators  in 
preparing  for  us  a  simpler  and  better  code  of  plumbing  laws  that  this 
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Fig.  1.  —  System  of  Plumbing  Required  by  the  Building  Laws  of  Boston. 

apparatus  has  been  constructed,  and  it  is  for  this  that  the  distinguished 
gentlemen  whose  names  you  have  seen  on  the  tickets  have  been  invited 
to  aid  in  the  discussion. 

I  have  before  me  the  plumbing  ordinances  of  Boston,  which  are 
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substantially  in  accord  with  those  of  the  majority  of  large  cities  through- 
out the  country,  and  I  have  submitted  amendments  to  a  number  of  the 
most  important  provisions  in  these  laws.  All  of  these  amendments  are 
in  the  direction  of  simplification. 

Our  first  illustration,  Figure  I,  presents  the  system  of  plumbing 
required  by  the  Boston  Building  Laws,  the  cut  -having  been  reduced 
from  the  plate  printed  in  the  Statutes  issued  by  the  Building  Depart- 
ment. After  this  I  shall  show  you  a  simpler  system,  embodying  most 
of  the  amendments  now  advocated  by  the  best  authorities. 

Let  us  first  enumerate  briefly  these  amendments  in  the  order  of 
their  importance,  and  afterwards  explain  the  reasons  for  each  in  detail. 

Back  Venting.  —  More  than  half  of  the  increased  complication  is 
due  to  the  so-called  "back  venting  *  of  the  traps  of  all  the  fixtures. 
Here,  for  instance  (Figure  i),  are  bath  tubs,  wash  basins,  and  other 
fixtures,  whose  traps  consist  in  bends  in  the  pipe  deep  enough  to  pre- 
sent a  barrier  to  the  passage  of  air  from  the  drain  pipe  into  the  house. 
Our  building  law  requires  every  such  trap  to  be  vented  by  a  special 
air  pipe  extending  from  the  sewer  side  of  the  trap  up  to  a  point  above 
the  highest  fixture  on  the  stack,  as  shown  on  our  diagram,  by  the 
smaller  pipe  between  the  fixtures  and  the  4-inch  soil  pipe. 

The  original  purpose  of  the  law  was  to  protect  the  trap  seals  from 
what  is  called  "  siphonage."  But  soon  after  it  was  enacted,  the  dis- 
covery was  made  that  the  air  current  induced  by  the  back-vent  pipe 
was  itself  far  more  mischievous  than  the  danger  it  was  expected  to 
remove,  in  that  it  operated  to  destroy  the  seal  by  evaporation ;  and  so 
rapidly  did  it  do  this  in  some  cases  that,  in  at  least  one  large  city,  the 
Board  of  Health  felt  obliged  to  issue  notices  to  house  owners,  advising 
them  to  have  the  traps  refilled  by  hand  in  houses  temporarily  unoccu- 
pied, as  often  as  once  a  fortnight,  in  order  to  restore  the  seal  destroyed 
by  back  venting. 

It  was  also  very  soon  found  that  the  system  was  unreliable,  on 
account  of  deposits  of  greasy  sediment  within  the  vent  pipe  and  of 
snow  or  frost  at  its  top,  which  rendered  it  inoperative. 

Other  difficulties  and  dangers  revealed  themselves  as  time  went  on, 
as  I  shall  show  directly. 

On  the  other  hand,  methods  of  securing  positive  protection  without 
back  venting  were  multiplied,  until  today  the  thinking  man  is  puzzled 
to  understand  how  the  public  can  continue  to  allow  such  a  foolish  and 
costly  method  of  ensuring  insecurity  to  exist. 
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Main  House  Trap. — The  next  important  modification  of  the  law 
recommended  consists  in  the  omission  of  the  main  house  trap  shown  in 
the  basement  (Figure  1),  and  of  the  external  sewer  vent  (Figure  15) 
often  necessitated  by  its  use. 

Fixture  Outlets.  —  A  third  modification  consists  in  requiring  every 
fixture  to  be  constructed  with  an  outlet  large  enough  to  fill  its  waste 
pipe  "full  "bore,"  in  order  to  keep  these  pipes  clean  by  thorough 
flushing. 

Fewer  Traps. — A  fourth  consists  in  reducing  the  number  of  fixture 
traps  required.  The  law  now  calls  for  a  separate  trap  under  each  fix- 
ture, no  matter  how  near  to. one  another  they  come.  An  exception  is 
made,  however,  in  the  case  of  several  adjoining  wash  trays,  which  are 
allowed  to  have  a  single  trap  between  them.  This  good  feature  should 
be  extended  to  all  adjoining  fixtures.  I  hope  to  be  able  to  show 
you  that  it  is  much  more  scientific,  as  well  as  much  safer  and  more 
economical,  to  use  one  trap  in  such  cases  than  several. 

Traps  at  Level  of  Floor.  —  Moreover,  it  is,  for  important  reasons, 
better  to  place  the  trap  at  or  below  the  floor  level  than  close  to.  the 
fixture  it  serves,  as  is  now  required  by  law. 

Rain-water  Trap.  —  A  sixth  modification  consists  in  omitting  in 
most  cases  the  trap  now  called  for  on  all  rain-water  leaders,  because 
a  trap  here  reduces  the  ventilation,  and  increases  the  complication  and 
expense.  But  more  than  this,  the  trap  prevents  the  use  of  the  main 
soil  pipe  as  a  rain-water  conductor.  There  is  no  possible  way  of  flush- 
ing the  soil  pipe  better  than  by  admitting  rain  water  where  the  combined 
system  of  sewerage  is  used. 

Lead-calked  Joints.  —  A  seventh  modification  consists  in  striking 
out  the  restriction  in  the  law  limiting  the  jointing  of  cast-iron  pipes  to 
lead  calking.  Probably  no  more  unscientific  method  of  construction 
now  exists  in  the  whole  domain  of  house  building  than  this,  iron  and 
lead  having  no  more  constructive  affinity  for  each  other  in  jointing  than 
cats  and  dogs.  Other  really  scientific  methods  of  jointing  cast  iron 
have  recently'  come  into  the  market  which  are  both  reliable  and  much 
cheaper. 

Cistern  Supply.  —  Finally,  the  provision  requiring  water-closets  to 
be  supplied  from  cisterns  with  flush  pipes  not  less  than  an  inch  in 
diameter  should  be  modified.  Better  and  simpler  means  for  flushing 
are  now  known. 
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Omission  of  Trap  Vent.  —  Let  us  now  examine  more  in  detail 
our  first  proposed  modification  relating  to 
the  trap-vent  law,  and,  in  order  fully  to 
understand  this,  we  must  have  a  very  clear 
idea  of  the  phenomena  of  "siphonage" 
and  "back  pressure." 

Figure  2  gives  a  very  clear  idea  of 
these  mischievous  forces.  The  main  soil 
pipe  is  shown  in  the  centre,  and  the  back- 
vent  pipe  at  the  left.  It  is  taken  from  the 
actual  plumbing  work  used  in  a  four-story 
office  building   in    Boston,    upon  which   I 


I     5: 

/Xh>s 

f 

1 

Fig.  2. — Apparatus  r 

MENTS   MADE    IN    l8l 
BOSTON    BoARD    (Jl' 


Fig.  20.  — Part  g 
Represented  in  Figure  z 
Modified  to  Show  Back 
Pressure. 

made  my  first  experiments  in  1884  for  the 
Board  of  Health. 

When  water  is  discharged  from  the 
tank  in  the  third  story  it  descends  through 
the  soil  pipe  in  the  form  of  a  plug,  or 
piston,  and  rarifies  the  air  behind  it,  be- 
cause the  friction  of  the  walls  of  the  pipe 
prevents  the  air  from  the  top  of  the  pipe 

e  Exferi-  from  following  the  water  as  fast  as  it  falls. 

ealth.      Consequently  the  water  seal  of  a  trap  placed 
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on  either  of  the  branches  below  the  tank  will  suffer  by  siphonage,  because 
of  the  reduction  of  the  atmospheric  pressure  upon  the  inner  end  of  the 
seal.  In  other  words,  the  inertia  of  the  water  in  the  trap  affords  less 
resistance  to  the  air  than  the  friction  along  the  sides  of  the  soil  pipe, 
and  if  the  trap  is  improperly  constructed  its  water  seal  is  forced  out 
in  advance  of  the  inrushing  air  current,  and  this  action  is  called 
"  siphonage." 

Back  pressure  is  the  reverse  of  siphonage.  As  the  plug  of  water 
discharged  from  the  tank  descends  toward  the  sharp  bend  shown  in  the 
basement  (Figure  2a),  the  air  in  front  of  the  falling  plug  is  compressed, 
because  the  sharp  bend  retards  its  escape,  and  this  compressed  air  seeks 
a  passage  at  every  outlet.  Back  pressure  is,  therefore,  evidently  strong- 
est at  branches  which  are  near  the  bend  in  the  basement,  and  siphonage 
is  strongest  at  branches  which  are  farthest  from  this  bend.  We  have  at 
the  end  of  the  basement  branch  (Figure  2)  an  ordinary  so-called  S-trap. 
This  trap  possesses  in  itself  almost  no  power  of  resistance  to  siphonage. 

Figure  7  represents  an  apparatus  for  demonstrating  the  siphonage  of 
traps  under  various  conditions.  I  have  produced  by  means  of  this  pump 
a  partial  vacuum  in  this  large  pipe  (Figure  7),  which  represents  our  soil 
pipe.  If  now  we  allow  air  to  pass  through  this  small  S-trap  by  opening 
the  stopcock  between  it  and  the  soil  pipe,  you  see  that  the  air  has  actu- 
ally forced  out  enough  of  the  water  to  entirely  destroy  the  seal,  leaving 
a  free  passage  for  soil-pipe  air,  sometimes  called  "sewer  gas,"  to  enter 
directly  into  the  house. 

Even  the  seal  of  this  large  trap  on  the  left  of  the  apparatus  is 
destroyed  in  precisely  the  same  manner.  The  trap  is  now  full  of  water 
up  to  its  overflow.  If  we  connect  it  with  the  partial  vacuum  in  the  soil 
pipe  by  opening  this  large  stopcock,  the  atmospheric  pressure  will  break 
its  seal  very  rapidly  and  forcibly,  as  you  see.  I  have  produced  here 
a  greater  degree  of  vacuum  than  occurs  in  practice  for  the  purpose  of 
presenting  the  phenomenon  to  you  more  strikingly.  The  apparatus 
being  built  for  comparative  as  well  as  positive  tests,  it  is  capable 
of  illustrating  any  degree  of  partial  vacuum  desired.  Later  we  will 
consider  the  degree  encountered  in  actual  plumbing  practice. 

Now  the  back-vent  pipe  shown  in  Figures  1  and  2  was  invented 
with  the  idea  of  providing  an  inlet  for  the  air  on  the  soil-pipe  side  of 
the  trap,  so  that  it  could  fill  the  vacuum  in  the  soil  pipe  without  passing 
through  the  fixture  and  trap  seal,  and  in  some  cases  the  device  actually 
does  protect  the  seal.     But,  as  already  stated,  it  was  soon  found  unre- 
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liable  on  account  of  friction,  clogging,  sagging,  and  leaking,  and  because 
of  its  action  in  evaporating  out  the  water  seal. 

In  our  diagram  (Figure  2)  you  see  how  this  evaporating  action  takes 
place.  The  air  of  a  house  being  warmer  in  winter  than  the  outer  air, 
the  ventilating  current  rising  through  the  pipe  in  the  direction  shown 
by  the  arrows  is  conducted  over  or  near  the  crown  of  the  trap  and 
escapes  at  the  roof.  In  summer  the  reverse  movement  takes  place, 
with  a  similar  result.  This  current  evaporates  out  the  trap  seal  with 
a  rapidity  proportioned  to  its  proximity  to  the  trap,  its  dryness,  tem- 


Fig.  3. —  Diagrams  of  the  Results  of  Experiments  upon  the  Siphonage  of  Traps. 


perature,  rapidity  of  movement,  and,  in  short,  in  proportion  to  its 
efficiency  in  performing  its  function  of  ventilating  the  branch  waste 
pipe  and  guarding  the  seal  from  siphonage ;  and  in  experiments  which 
have  been  published  from  time  to  time  it  has  been  found  that  seals  have 
been  destroyed  by  this  cause  in  actual  plumbing  work  in  less  than  ten 
days.  If  the  vent  is  not  connected  with  an  S-trap  at  or  near  its  crown 
it  will  not  protect  it  from  self-siphonage,  hence  the  requirement  in 
the  Boston  laws,  which  leads  to  a  quick  destruction  of  the  seal  by 
evaporation. 

The  diagrams  (Figure  3)  indicate  the  power  of  resisting  siphonage 
possessed  by  various  kinds  of  traps  as  tested  on  this  apparatus.     The 
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vertical  line  between  the  two  circles  shows  the  depth  of  the  trap  seals ; 
the  short  horizontal  lines  the  amount  of  water  removed  at  each  discharge 
from  the  tank. 

Our  next  slide  (Figure  4)  illustrates  some  of  the  many  ways  in 
which  the  back-vent  pipe  fails  in  practice.  Clogging  with  grease,  as 
shown  here  over  the  sink  trap,  is  very  common. 

At  every  quick  bend  under  a 
vertical  run  of  iron  vent-pipe  rust 
is  certain  to  collect.  A  compara- 
tively small  amount  of  flaking  off 
of  rust  or  sediment  in  such  a.  place 
may  suffice  to  destroy  the  efficiency 
of  the  pipe.    • 

Sagging,  as  shown  higher  up,  is 
another  frequent  cause  of  failure. 
Water  and  sediment  collect  in  the 
sagged  portion,  and  failure  is  again 
the  result.  Finally,  hoar  frost  and 
snow  often  close  the  upper  opening 
of  the  pipe  above  the  roof,  produc- 
ing again  failure. 

Moreover,  the  chances  of  leak- 
age by  bad  jointing  are  evidently 
increased  in  proportion  to  the  in- 
crease of  piping,  and,  what  is  more 
important  still,  no  water  flush  passes 
through  the  vent  pipes,  and  there 
is  consequently  nothing  to  an- 
nounce to  the  eye  the  presence 
of  leaks,  which  may  therefore  do 
mischief  before  the  leaks  are 
discovered. 

This  cut,  Figure  4,  was  used  to 
illustrate  a  paper1  on  trap  ventilation  that  I  read  before  the  Boston 
Society  of  Architects  in  1891.  The  society  then  voted  unanimously 
to  make  an  effort  to  have  the  back-vent  law  repealed.  A  committee 
was  appointed  and  counsel  employed  to  attend  to  the  matter.  The 
efforts  of  the  society,  however,  in  this  direction  have  not  as  yet  met 


Fig.  4.  —  Failures  of  the  Trap-vent 
System  in  a  Tall  Building. 


1The  Trap-vent  Law.     Transactions  Boston  Society  of  Architects,  1891,  pp.  6-15. 
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with  success,  and  they  have  not  as  yet  ascertained  with 
entire  certainty  from  what  source  the  opposition  came. 

Although  the  amount  of  rough  work  in  plumbing  is 
increased  by  venting,  yet  the  great  expense  tends  to  de- 
crease the  number  and  quality  of  fixtures  which  the  public 
can  afford  to  install,  and  reduces  the  confidence  of  the 
house  owner  in  plumbing  in  general,  so  that  plumbers  do 
not  see  any  advantage  to  themselves  in  the  law.  Pride 
in  their  work  and  a  knowledge  of  the  great  advances  made 
in  the  science  of  plumbing  since  the  law  was  enacted 
prompt  them  now  to  advocate  a  change.  The  pipe  dealers, 
on  the  other  hand,  appear  to  be  the  only  gainers  by  the 
law,  and  they  have,  no  doubt,  constituted  a  powerful  and 
active  influence  tending  to  its  perpetuation. 

Pneumatic  Apparatus  for  Testing.  —  On  the  next  slide 
(Figure  5)  is  shown  the  apparatus  used  to  make  the  tests 


Fig.  5.  —  App, 
Tests  on 
North  Eni 


on  siphonage  made  at  the 
North  End  Union  in  1902 
to  illustrate  a  series  of  lec- 
tures that  I  delivered  on  san- 
itary engineering.  Slide  Fig- 
ure 5<7  gives  the  apparatus 
used  in  the  Worcester  tests 
before  the  Master  Plumbers' 
Association,  made  soon  after 
the  Board  of  Health  experi- 
ments were  published,  and  in 
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our  next  slide  (Figure  6)  is  the  apparatus  that  I  used  in  a  lecture  at 
this  Institute  of  Technology  in  1885. 

In  these  and  all  other  demonstrations  in  siphonage  of  which  I  am 
aware,  the  tests  have  been  made  by  hydraulic  apparatus,  but  I  have 
recently  found  that  a  pneumatic  apparatus  permits  of  a  much  greater 
accuracy  of  determination,  especially  in  making  comparative  tests. 

By  using  a  suction  pump  we  are  able  to  reproduce  at  will  any 
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Fig.  6.  —  Apparatus  Used  in  1885  at  the  Institute 
of  Technology  to  Illustrate  Siphonage. 


degree  of  rarification  desired  in  the  soil  pipe  to  correspond  with  the 
varying  conditions  encountered  in  plumbing  practice,  and  a  vacuum 
gauge  enables  us  to  apply  precisely  the  same  degree  of  vacuum  to 
every  trap  tested,  so  that  results  of  great  accuracy  and  scientific  value 
are  obtainable.     Figure  7  illustrates  this  apparatus. 

Of  course  it  will  be  objected,  at  first  thought,  that  the  pneumatic 
test  does  not  reproduce  in  actual  form  the  precise  phenomena  encoun- 
tered in  plumbing  work,  but  a  little  reflection  will  show  that  the  results 
are  identical  so  far  as  they  affect  our  inquiries.      The  agency  which 
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produces  siphonage  is_  the  partial  vacuum  in  the  soil  pipe,  and  this 
rarification  is  effected  by  the  rapid  movement  of  a  piston.  Whether 
the  piston  be   in   the  barrel    of  a  pump  or  whether  it   be  in  the  soil 
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pipe   itself   is  altogether  immaterial    so   far  as  concerns  the  effect  of 
the  partial  vacuum  on  trap  seals.     The  pneumatic  apparatus  possesses 
the  great  advantage  over  the  hydraulic  of  enabling  us  to  vary  the  force 
of  the  strain  applied  to  the  traps  to  any  extent  desired,  while  only  one 
degree  of  rarification  can  be  obtained  by  the  falling  water  plug  in  any 
one  plant.     The  siphoning  action  in  both  cases  is  exceedingly  rapid, 
almost  instantaneous.     In  the   case   of   the   falling  water   piston,   the 
action  takes  place  in  the  flash  of  time  required  for  the  piston  to  pass 
by  the   small    mouth  of  the    branch  waste  pipe  serving  the  trap.     A 
fraction  of  a  second   suffices  for  this.     In   the  case  of  the  air-pump 
apparatus  the  speed  of  the  action   is  measured   by  the  time  it  takes 
to  move  the  valve  lever  connecting  this  branch  waste  pipe  with  the 
soil  pipe.     This  also  requires  but  a  fraction  of  a  second,  and  the  speed 
may  be  regulated  to  cor- 
respond accurately  with 
the  hydraulic   action. 
Moreover,   a  vacuum 
gauge  may  be  applied  to 
the    soil    pipe    in    both 
kinds  of  apparatus,  and 
thus  the  action  may  be 
proved    to   be   in    both 
cases  identical  in  speed, 
power,  and  effect. 

In  order,  however,  to 
satisfy  the  audience  as 
to  the  similarity  of  the 
effect  produced  on  the 
gauge  and  trap  seals,  I 
have  had  erected  for 
this  occasion  both  kinds 
of  apparatus,  and  I  shall 
show  you  that,  when  the 
vacuum  gauge  registers 
the  same  degree  of  rari- 
fication in  both  soil  . 
pipes,  the  effect  on  the 
traps  in  each  is  the  same. 
Above  the  cornice  I  have 
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had  erected  an  ordinary  bath  tub  (Figure  8)  which  now  stands  full  of 
water,  and  at  a  height  which  nearly  corresponds  to  two  stories  of  "an 
ordinary  dwelling.  Its  overflow  opening  has  been  corked  up,  as  is 
sometimes  done  by  careful  tenants,  who  imagine  they  thereby  make 
doubly  sure  the  exclusion  of  "deadly  sewer  gas"  from  the  bath  room. 
We  will  discharge  part  of  the  water  by  opening  the  bath  plug  into  the 
waste  pipe,  which  in  this  case  descends  in  a  vertical  line.  Having  no 
soil-pipe  connection  in  this  hall,  I  have  placed  another  bath  tub  below 
to  take  the  place  of  a  soil  pipe  in  receiving  the  discharges. 

Our  branch  waste  here  represents  the  waste  pipe  of,  say,  another 
bath  tub  or  of  a  wash  basin  having  this  ordinary  S-trap  under  it.  The 
trap  is  sealed  with  water  and  is  back-vented,  as  you  see,  although  the 
vent  pipe  is  not  so  long  as  is  sometimes  found  in  houses,  varying  from 
30  to  300  feet  in  height.  But  to  more  than  offset  this  disadvantage 
I  have  applied  a  larger  number  of  bends  than  is  usually  found  in 
practice. 

Before  testing  the  trap  we  will  ascertain  by  the  vacuum  gauge  the 
degree  of  rarification  in  the  drain  pipe  obtainable  by  a  discharge  of 
water  under  these  conditions  from  the  tub. 

The  gauge  has  registered  10  inches.  We  cannot  alter  this  degree 
of  vacuum  materially  on  this  apparatus,  however  often  we  apply  the  test. 

We  will  now  apply  this  strain  to  the  S-trap  vented  by  28  feet  of 
i^-inch  new  vent  pipe  with  four  return  bends.  The  vent  pipe  is  new 
and  clean,  so  that  the  conditions  are  in  this  respect  favorable  for  it  to 
protect  the  trap. 

When  we  open  the  valve  you  see  the  trap  has  failed.  The  water 
seal  in  the  trap  has  offered  less  resistance  to  the  inrushing  air  than  the 
friction  along  the  walls  of  the  vent  pipe,  and  so  the  water  has  been 
driven  out  of  the  trap  and  the  seal  has  been  broken.  The  vacuum 
gauge  registered  \\  inches.  The  supply  of  air  through  the  trap  has 
lowered  the  vacuum  from   10  to   \\  inches. 

The  published  records  of  all  the  tests  referred  to  in  connection  with 
Figures  2,  5,  %a>  and  6  have  demonstrated  conclusively  the  same  thing, 
namely,  that  the  S-trap  vented  in  the  manner  required  by  the  law  is 
incapable  of  withstanding  under  all  conditions  the  strains  of  siphonage 
which  may  be  encountered  in  actual  plumbing  work,  even  when  the  vent 
pipe  is  new  and  clean  and  properly  applied.  They  all  corroborate  the 
results  that  you  have  just  witnessed  here. 

Let  us  now  bring  to  bear  the  same  amount  of  strain  upon  our  trap 
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tested  on  the  pneumatic  apparatus  (Figure  7)  by  rarifying  the  air  in  the 
soil  pipe  until  the  vacuum  gauge  registers  the  same  degree  of  vacuum 
in  each  case  as  it  has  on  our  hydraulic  apparatus,  and  we  shall  find  the 
effect  identical. 

Before  testing  the  traps  on  either  plan  we  have  ascertained  the 
degree  of  vacuum  which  it  is  possible  to  obtain  in  the  soil  pipe  by 
the  falling  plug  of  water  or  by  the  pump,  by  corking  up  the  trap  open- 
ings. In  this  manner  we  have  obtained  a  vacuum  of  10  inches  on  our 
hydraulic  apparatus,  and  as  high  as  26  inches  on  our  pneumatic,  the  last 
being  a  strain  which  is  undoubtedly  much  severer  than  could  ever  be 
encountered  in  plumbing  work.  But  it  is  very  valuable  in  enabling 
us  to  make  the  most  useful  comparative  tests,  giving  valuable  results 
otherwise  unattainable. 

Our  vent  pipe  is  so  arranged  in  our  pneumatic  apparatus  (Figure  7) 
that  we  can  obtain  any  length  of  vent  and  any  number  of  bends  we 
desire  by  simply  opening  or  closing  the  little  valves  on  the  bends  at 
different  points  in  the  length  of  the  pipe.  We  have  limited  the  length 
of  the  pipe  to  io£  feet,  and  the  number  of  return  bends  to  the  equiva- 
lent of  nine,  because  we  find  this  will  create  friction  enough  to  break 
the  seal  of  a  vented  S-trap  under  a  strain  of  less  than  an  inch  on  the 
vacuum  gauge.  On  the  other  hand,  we  find  that  we  can  break  the  seal 
of  this  S-trap  with  a  very  powerful  strain  of,  say,  20  inches,  even  when 
the  vent  pipe  is  not  over  6  inches  long  and  has  but  a  single  return 
bend  in  it,  the  bore  of  the  pipe  being  clean  and  equal  in  diameter  to 
that  of  the  trap. 

We  see  by  these  tests  that  the  severity  of  the  strain  required  to 
break  the  seal  of  the  S-trap  is  inversely  proportional  to  the  length  of 
the  vent  pipe  and  to  the  number  of  bends  it  contains. 

Closing  now  the  vent  pipe  wholly  or  in  part  at  the  upper  end,  as 
by  snow  or  frost,  we  are  able  to  break  the  seal  still  more  easily,  as  you 
see. 

Closing  the  vent  pipe  at  the  crown  of  the  trap,  as  by  grease  or 
sediment  of  any  kind,  we  find  the  seal  is  instantly  destroyed  by  the 
feeblest  strain.  A  partial  closure  here  results  in  a  reduction  of  the  seal 
proportional  to  the  amount  of  the  closure. 

Testing  Anti-siphon  Traps.  —  Having  ascertained  now  just  what 
degree  of  siphoning  strain  a  vented  S-trap  can  resist,  we  have  next  to 
compare  it  with  various  forms  of  unvented  anti-siphon  traps.  If  we 
are  to  be  compelled  to  adopt  so  costly  a  method  as  back-venting,  with 
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all  its  faults  and  shortcomings,  we  have  certainly  a  right  to  demand  that 
it  shall  have  at  least  as  much  power  of  resistance  as  our  simpler  methods 
when  all  the  conditions  are  equal  and  the  vent  pipe  is  new  and  clean. 

The  tests  I  am  going  to  show  you  now  demonstrate  that  the  back- 
vent  system  is  not  only  not  equal  to  the  anti-siphon  trap  system  in 
power  of  resistance,  but  that  it  is  so  far  inferior  to  it  as  to  be  altogether 
out  of  competition,  even  with  the  poorer  forms  of  anti-siphon  traps. 

Let  us  first  try  the  ordinary  "round,"  or  "pot,"  trap,  of  which  I 
have  here  samples  in  several  sizes  with  glass  faces  so  that  you  can  see 
the  results  of  the  tests  through  these  windows.  The  depth  of  seal 
is  the  same  in  all,  namely,  4^  inches. 

We  have,  as  you  have  seen,  applied  to  these  traps  the  severest 
strains  that  our  apparatus  can  produce,  which  is  a  vacuum  of  26  inches ; 
and  we  find  the  large  sizes  capable  of  resisting  even  this  strain  many 
times  repeated.  Indeed  it  is  practically  impossible  to  siphon  out  our 
5-inch  pot  trap.  The  first  application  of  the  strain  lowers  the  seal 
considerably,  but  subsequent  applications  without  refilling  have  little 
effect  upon  it;  and  when  the  seal  has  been  lowered  to  about  half  an 
inch,  practically  no  further  reduction  can  be  attained,  however  often  the 
strain  is  repeated. 

Our  4-inch  and  3-inch  pot  traps  have  a  lower  resisting  power,  but 
are  practically  unsiphonable  in  plumbing  work  so  long  as  they  remain 
clean.     They  are  thus  immeasurably  superior  to  the  vented   S-trap. 

We  find  their  power  of  resistance  to  be  directly  proportional  to  their 
diameter,  and  that  it  has  nothing  to  do  with  their  depth  of  seal. 

To  illustrate  this  law  in  trap  construction,  I  have  made  a  number 
of  samples  of  bottle  traps  with  glass  bodies  for  experimental  purposes. 
One  of  them,  5  inches  in  diameter,  is  shown  in  Figure  7  on  the  left- 
hand  side  of  the  soil  pipe,  above  the  pump.  This  trap  has  a  seal 
6  inches  deep,  but  the  depth  of  seal  may  be  diminished  at  will  by 
drawing  up  the  inlet  pipe  through  the  stuffing  box  just  above  the  top 
of  the  trap.  By  this  device  we  can  demonstrate  in  a  very  simple 
manner  the  truth  of  our  law  of  trap  resistance. 

Nevertheless,  although  the  ordinary  unvented  pot  or  anti-siphon  trap 
is  infinitely  superior  in  all  ways  to  the  vented  S,  yet  it  has  the  one  grave 
objection  that  it  is  not  in  all  cases  perfectly  self-cleansing.  Figures  9, 
1  o,  and  1 1  show  how  sediment  will  collect  in  these  traps,  ultimately 
converting  them  into  S-traps.     The  mouth  of  the  vent  pipe  (Figure  9) 
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is  shown  at  the  crown,  and  never  having  received  a  scour  by  the  flush- 
ing, it  is  precisely  the  place  where  the  floating,  greasy  matters  and  fatty 
vapors  most  quickly  collect.  Thus  this  trap  loses  its  efficiency  sooner 
than  do  the  cesspool  traps.  The  body  of  the  S-trap  is  self-cleansing  so 
long  as  a  good  flush  is  provided.  Is  it  possible  to  obtain  an  anti-siphon 
trap  which  shall  possess  this  quality  of  the  S  ?     If  so,  our  trap  must  be 
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so  formed  that  its  sectional  area  shall  in  no  place  exceed  the  area  of  the 
waste  pipe  from  the  fixture  which  it  serves.  This  requirement  confines 
us  to  the  use  of  some  form  of  plain  piping,  either  straight  or  bent,  in  the 
construction  of  the  trap.  It  is  evident,  also,  that  a  considerable  amount 
of  this  piping  will  be  required  in  the  formation  of  the  trap  in  order  to 
provide  the  necessary  water  capacity  for  resistance  to  back  pressure  and 
evaporation;  and  all  the  piping  used  must  be  on  a  horizontal  plane  in 
order  to  preserve  the  required  minimum  depth  of  water  seal,  as  will  be 
explained  directly. 

The  first  form  of  trap  answering  to  these  requirements  is  shown  in 
Figure  12  —  10.  It  consists  of  a  1  £-inch  S-trap  seal  proper  and  a  long 
horizontal  body  made  of  a  plain  round  i^-inch  pipe.  Opposite  the  trap 
proper  is  the  sewer  connection  piece,  also  made  of  a  bent  i^-inch  pipe. 
I  call  the  long  body  the  reservoir  chamber. 

The  water  lies  along  the  lower  half  of  this  chamber,  leaving  room 
under  siphonage  for  air  to  pass  above  it  without  disturbing  the  water 
below,  provided  the  siphoning  action  is  not  too  severe.  The  action  is 
shown  in  Figure  12  —  7.  Less  and  less  water  is  driven  out  of  the  trap 
at  each  siphoning  action,  because  the  air  space  above  the  water  is  each 
time  correspondingly  enlarged,  and  the  resistance  to  siphonage  is  accord- 
ingly increased  until  a  point  is  reached  when  no  further  reduction  of  the 
water  level  by  siphonage  is  possible.  The  water  spray  caused  by  the 
suction  adheres  to  the  long  body  while  air  escapes. 
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Nevertheless,  this  form  is  too  long  and  unwieldy  to  be  practicable. 
Moreover,  under  strong  siphonage  waves  are  formed  which,  when  they 
reach  the  top  of  the  pipe,  act  like  pistons  in  driving  out  the  rest  of  the 
water.  The  wave  may  be  broken  up  and  the  length  reduced  by  bending 
the  pipe  back  and  forth  on  itself,  as  shown  in  Figure  12  —  9. 


ET        n        - 


This  trap  has  been  tested  and  found  able  to  withstand  indefinitely 
the  most  powerful  siphonage  which  can  be  applied,  a  strain  which  in 
a  single  discharge  destroyed  the  seal  of  a  fully  vented  S-trap  with  a 
new  vent  pipe  only  10  feet  long.  The  same  strain  broke  the  seal  of  an 
unventcd  4-inch  pot  trap  and  siphoned  out  an  S-trap  having  a  seal  6  feet 
deep  (Figure  12  —  4). 
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Another  arrangement  of  the  pipe  is  shown  in  Figure  12  —  n,  which 
may  be  reduced  in  size  to  Figure  12  — 12  and  13,  when  it  will  be  seen,  by 
comparing  with  Figure  12  —  1,  to  be  nothing  but  a  series  of  ordinary 
S-traps  laid  on  their  sides,  and  we  have  thus  really  succeeded  in  render- 
ing an  S-trap  permanently  anti-siphonic.  The  trap  is,  in  fact,  vented 
through  its  own  inlet  pipe. 

This  trap  can,  however,  still  be  improved  by  giving  it  the  form 
shown  in  Figure  12  —  22,  in  which  friction  is  reduced  and  centrifugal 
force  aids  in  the  separation  of  the  air  from  the  water,  leaving  the  latter 
in  the  trap  while  the.  former  escapes. 

The  resisting  power  of  this  trap  is  now  so  great  that  wc  can  materi- 
ally reduce  its  size  until  we  have  the  forms  shown  in  Figure  12  —  20,  21, 

and  25  to  32. 

Should  this  trap  be  used  under  a  fixture  having  a  small  outlet,  and 
therefore  furnishing  little  or  no  scour,  it  will  act  like  a  straight  pipe, 
and  will,  like  it,  in  time  suffer  a  diminution  of  its  area  by  accumulation 
of  greasy  or  gelatinous  deposit  along  its  walls.  But,  as  in  a  straight 
pipe,  the  accumulations  will  be  substantially  uniform  throughout,  because 
the  scour  and  form  are  uniform,  and  the  resistance  of  the  trap  to 
siphonage  will  remain  the  same,  because  its  principle  of  resistance 
thereto  will  remain  unchanged,  the  enlargement  of  its  lateral  extension 
being  greater  than  that  of  its  sectional  area.  Should  it  ever  be  com- 
pletely closed,  its  closure  will  announce  itself  by  the  simple  cessation 
of  the  flow  of  waste  water  until  the  obstruction  is  removed  through 
the  clean-out  cap. 

On  the  table  are  the  various  forms  of  the  experimental  traps  we 
have  described  and  shown  on  the  screen.  It  remains  to  subject  the 
small,  perfected  form  to  the  strains  on  our  apparatus  by  which  the  other 
traps  have  been  tested. 

We  see  that  this  little  trap  has  withstood  the  severest  possible 
strains  (repeated  indefinitely)  which  our  apparatus  is  capable  of  apply- 
ing, and  that  it  is  therefore  absolutely  anti-siphonic. 

Test  of  Shallow  Seal  Anti-siphon  Trap  in  Protecting  Water-closet 
Trap.  —  In  virtue  of  the  very  shallow  seal  of  this  trap  it  is  possible 
to  use  it  as  a  vent  for  a  deep  seal  water-closet  trap,  since  being  itself 
both  a  trap  and  a  vent  pipe  it  has  the  quality  of  protecting  any  deep  seal 
trap  with  which  it  may  be  connected.  It  has  in  this  the  quality  of  the 
McLellan  vent,  the  function  of  the  mercury  seal  being  here  supplied  by 
the  water-seal  itself. 
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You  see  that  the  deep  seal  trap  has  not  been  broken, 
even  though  the  severest  possible  strain  has  been  applied 
to  it,  for  the  simple  reason  that  air  to  supply  the  vacuum 
in  the  soil  pipe  passes  more  easily  through  the  shallow 
than  through  the  deep  seal,  and  the  latter  is  thus  pro- 
tected. 

This  concludes  our  tests  on  the  apparatus.  The 
champions  of  back-venting  have,  as  a  matter  of  fact, 
abandoned  today  their  original  claim  that  it  served  to 
protect  trap 

seals     from  ,T,i 

siphonage. 
They  occa- 
sionally ad- 
here to  it, 
however,  on 

F.o.   13—  part    the  arSu" 

of  Pr.uMBiNu    ment  that 

of    a    Tall     .     .  .    , 

Building.  it  ls  needed 

to  purify  the 
branch  waste  pipes  by  aera- 
tion. 

But  it  is  now 
recognized  that 
ample  water 
flushing  through 
properly  con- 
structed fixture 
outlets,  followed 
by  an  equally 
thorough  pure 
air  flushing  from 

the  room  through  the  fixture  and  trap,  is  infinitely  more  effective  than 
ventilation  with  foul  air  alone  from  the  soil  pipe  through  the  back-vent 
pipe,  and  is,  indeed,  altogether  sufficient. 

Hence  the  law  should  be  that  every  fixture  must  be  constructed  on 
the  principle  of  the  "flush  tank"  by  having  outlet  and  outlet  valves 
large  enough  to  fill  their  waste  pipes  and  traps  "full  bore"  at  every 
discharge. 

Figure  13  is  part  of  a  diagram  of  a  tall  building  in  which,  in  com- 


I 


Flo.  14.  —  System  of  I'lu; 
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pliance  with  the  law,  I  was  obliged  to  specify  trap-vent  pipes  125  feet  in 
height.  As  you  see  by  the  drawing,  the  lavatories  are  placed  over  one 
another  in  such  a  position  that  the  distance  from  their  traps  to  the  main 
ventilated  soil  pipe  is  not  over  18  or  20  inches.  These  short  branch 
wastes  were  powerfully  flushed  at  each  usage  of  the  fixtures  by  a  stream 
of  water  filling  them  "full  bore,"  and  discharging  at  the  rate  of  nearly 
half  a  gallon  a  second.  Traps  were  specified  which  cannot  by  any 
possibility  be  siphoned  out,  nor  have  their  seals  seriously  lowered. 
No  better  illustration  of  the  wastefulness  of  this  requirement  could  be 


found  except  in  the  case  of  alterations,  where  the  installation  of  the  vent 
pipes  may  destroy  much  valnable  property  and  create  the  greatest  part 
of  the  cost  of  the  whole  work. 

My  client  in  the  case  of  this  tall  building  lost  over  a  thousand  dollars 
for  the  privilege  of  seriously  endangering  through  evaporation  the  seals 
of  his  traps. 

In  Figures  14  and  15  are  shown  the  same  fixtures  in  a  house 
plumbed  in  two  different  ways,  Figure  14  being  in  accordance  with 
my  recommendations,  and   Figure    15    being   in   accordance  with   the 
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manner  now  sometimes  seen  in  the  finest  houses.  On  the  extreme 
left  of  the  latter  is  the  outside  sewer  vent,  and  on  the  inside  next  to 
this  is  the  house  trap  and  circulation  vent.  We  have  also  back  vents, 
drip  vents,  and  rain-water  pipe,  and  all  of  these  unnecessary  stacks  are 
very  common  in  the  modem  house. 

Figure  16  shows  a  part  of  this  work  enlarged.  It  is  taken  from 
a  well-known  house  in  New  York.  Figure  17  is  taken  from  two  other 
handsome  New  York  residences,  and  Figure  18  from  still  another  house 
in  the  same  city. 

Bis  \  %\  I  1.  > 


Y\g.  16. — Details  at  Plumbing  in  a  New  York  House. 

If  this  absurd  complication  continues  at  the  rate  it  has  been  going 
for  the  last  two  decades,  the  public  will  feel  disposed  to  return  to  the 
old-fashioned  method  of  sewage  disposal  shown  in  Viollet  le  Due's 
picture    on    our    next    slide,    where    plumbing   fixtures    are    given   up 

altogether. 


The  Main  House  Trap.  —  My  reasons  for  urging  legislation  prohibit- 
ing the  use  of  the  main  house  trap,  or  "intercepting"  trap,  are,  first, 
because  its  use  prevents  the  best  and  only  efficient  and  practical  method 
of  adeqoately  ventilating  the  sewers,  and,  second,  because  it  adds  an 
altogether  useless  expense  and  complication  to  the  plumbing. 
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Recent  investigations  by  eminent  scientists  have  shown  us  the 
fallacy  of  the  popular  idea  that  the  air  of  sewers  abounds  in  disease 
germs;  and  sight-seers  now  visit  the  famous  sewers  of  some  of  the  great 
cities  of  the  world  with  the  same  interest  and  safety  they  do  the  other 
regular  "sights." 

Germs  are  "particulate,"  as 
it  was  expressed  by  Dr.  Car- 
michael,  of  Scotland,  whose  re- 
searches on  the  efficiency  of  a 
sound  water  seal  to  exclude  germs 
are  now  famous  among  students 
of  the  subject ;  and  they  have  no 
more  power  to  raise  themselves 
from  the  water  or  moist  surfaces 
of  sewers  than  have  any  other 
particles  of  vegetable  matter,  like 
leaves  or  small  sticks.  If  by  any 
chance  parts  of  the  sewage  above 
the  normal  level  of  the  flow  be- 
come dried  up,  as  in  periods  of 
drought,  and  are  then  lifted  and 
wafted  along  by  some  unusually 
strong  air  current,  it  is  found  that 
they  very  soon  fall  again  into  the 
water  by  gravity  or  are  carried 
against  a  wet  surface  in  a  bend 
or  branch  of  the  sewer  by  the 
same  air  current  that  lifted  them. 
Furthermore,  it  has  lately  been 
discovered,  and  the  discovery 
satisfactorily  corroborated,  espe- 
cially by  the  noteworthy  and  most 

■    .  ,  c     ,  Fig.  17.  — Details  from  Two  Handsome 

interesting   researches    of    Laws  '     residences  in  niav  York. 

and  Andrewes,  of  England,  that 

the  specific  germs  of  disease  do  not  thrive  even  in  the  water  itself  of 
sewers.  They  appear  to  be  destroyed  by  other  species  of  germs,  harm- 
less to  man,  which  do  abound  there. 

In  short,  it  has  been  determined  that  the  dreaded  germs  of  diseases 
are,  of  all  places,  least  to  be  sought  for  in  the  air  of  sewers.     They  may 
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abound  in  the  air  of  the  streets  above  the  sewers,  but  not  in  that  of  the 
sewers  themselves.  Hence  if  they  are  borne  into  our  dwellings  by  air 
currents  at  all,  they  must  enter  by  way  of  doors  and  windows  and  not 
by  way  of  the  drains. 

Note  that  we  are  speaking  of  germs  and  not  of  odors  and  gases. 
These  latter  do  abound  in  the  air  of  badly  ventilated  sewers  and  are 
unwholesome  to  breathe  continuously.  But  they  are  immediately  dan- 
gerous only  when  in  an  exceedingly  concentrated  form,  and  are  easily 
excluded  from  houses  by  simple  precautions  and  by  proper  plumbing. 

One  of  the  most  effective  and  rational  of  these  precautions  is  thor- 
ough ventilation  of  sewer  and  drain  pipe. 


Fig.  18.  — Some  Bath-room  Plumbing. 

In  the  past,  sewers  were  sometimes  ventilated  by  means  of  tall 
chimneys  and  fans  and  other  devices  built  especially  for  the  purpose 
at  intervals  in  their  length.  But  these  experiments  have  proved  fail- 
ures, because  they  produced  too  powerful  a  suction  in  the  immediate 
vicinity  of  the  ventilators  and  none  at  all  a  short  distance  away  from 
them,  and  were  withal  exceedingly  costly. 

Simple  openings  into  the  sewers  at  intervals  along  the  streets  are 
common ;  but  they  provide  no  motive  power  to  effect  proper  ventilation. 
The  foul  sewer  may  thus  remain  foul,  and  an  opening  here  and  there 
at  the  street  level  only  concentrates  the  nuisance  in  the  worst  manner 
at  special  places  for  the  annoyance  of  the  public. 

It  is  much  better  to  carry  the  foul  gases  to  the  tops  of  the  houses 
than   to  emit  them  at   the   street  level  under  the  very  noses  of   the 
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passers-by.  Soil  pipes  can  now  be  constructed  and  jointed  so  as  to 
be  absolutely  tight,  and  the  objection  that  it  is  dangerous  to  carry  the 
sewer  air  through  the  houses  is  no  longer  tenable. 

A  public  sewer  becomes  very  well  ventilated  and  practically  safe 
when  its  ventilation  is  effected  by  making  every  house  drain  and  soil 
pipe  a  ventilating  flue.  Then  in  cities,  the  sewer  has  special  4-inch 
suction  tubes  every  10  or  15  feet  throughout  its  entire  length,  the 
houses  averaging  20  or  25  feet  in  width.  We  know  that  whatever 
putrescible  matter,  excepting  street  washings,  is  to  be  found  in  the 
sewers  comes  from  the  house  drains  themselves.  Assuming,  then,  that 
the  houses  average,  say,  25  feet  wide  and  50  feet  high,  the  number  of 
running  feet  of  soil  and  drain  pipe  in  each  would  average  at  best  not 
less  than  100  feet,  and  the  interior  surface  would,  therefore,  contain 
probably  at  least  twice  as  much  decomposing  matter  as  the  12  feet  of 
sewer  serving  each  house.  It  would  be  absurd,  therefore,  to  insert  a 
disconnecting  trap  and  a  vast  increase  of  extra  piping  for  the  mere 
purpose  of  excluding  this  small  extra  drain-pipe  air,  even  if  it  were 
not  demonstrated  that  this  very  complication  increases,  rather  than 
diminishes,  the  chances  of  its  entrance. 

Even  the  foulest  sewers  and  cesspools  must 
cease  to  be  foul  the  moment  they  are  ventilated 
through  every  soil  pipe.  Probably  the  most 
dangerous  substance  in  our  sewers  today  is 
illuminating  gas  escaping  from  leaky  mains, 
which  modem  science  has,  as  I  believe  it  can 
be  maintained,  at  last  rendered  unnecessary. 
The  house  trap  is  responsible  for  the  presence 
of  this  gas  in  cellars  and  subways.  It  is  ex- 
ceedingly important  that  when  present  there  it 
should  be   diluted    and   carried  up  above  the 

houses  and  thus  rendered  comparatively  harm-  Fl°-  g*^1  NOFTp^RfsRZAT 
less. 

On  the  next  lantern  slide  (Figure  19)  is  a  picture  of  the  great  Paris 
sewer,  which  I  inspected  in  1871.  I  found  it  so  clean  and  well  venti- 
lated that  it  was  without  any  offensive  odor,  so  much  so,  indeed,  that 
hundreds  of  people,  both  ladies  and  gentlemen,  visit  it  annually  as  one 
of  the  peculiarly  interesting  sights  of  the  metropolis. 

In  conclusion,  I  will  only  say,  in  regard  to  calking  cast-iron  pipes 
with  lead,  that  the  law  should  rather  prohibit  this  than  specify  it  today, 
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in  view  of  the  very  recent  methods  discovered  of  jointing  cast  iron 
scientifically  and  economically,  permitting  a  certain  amount  of  rotation 
and  play  at  the  joint  without  sacrifice  to  its  soundness,  even  under 
pressure. 

The  lateness  of  the  hour  will  prevent  me  from  treating  of  this  last 
matter  in  detail,  as  I  had  hoped  to  do  tonight,  and  I  know  you  are  all 
eager  to  hear  the  gentlemen  who  have  kindly  consented  to  open  the 
discussion  and  give  us  the  benefit  of  their  views  on  the  subject  of  this 
legislation. 
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PART   I.     DECOMPOSITION   OF   ZINC   SULPHATE   BY 

HEATING   IN   AIR. 

I.     Introduction. 

With  the  exception  of  lead  sulphate,  all  common  metallic  sulphates 
are  completely  decomposed  upon  heating,  into  metallic  oxide,  sulphur 
trioxide,  sulphur  dioxide,  and  oxygen.  Some  give  up  their  trioxide 
readily  at  a  low  temperature,  others  require  considerable  heat  and  much 
time  to  be  completely  freed  from  sulphur.  Kerl1  in  1881  arranged  the 
principal  metallic  sulphates  as  they  are  decomposed  by  a  rising  tempera- 
ture in  the  following  order :  silver,  iron,  copper,  zinc,  nickel,  cobalt, 
manganese,  and  lead ;  lead  sulphate  being  decomposed  only  slightly  at 
a  white  heat.  The  researches  of  Bradford,2  published  in  1903,  show, 
however,  that  ferrous  sulphate  is  decomposed  at  5900  C,  cupric  sul- 
phate at  65 30  C,  and  argentic  sulphate  at  1,095°  C.  By  the  present 
investigation  it  will  be  seen  that  zinc  sulphate  is  decomposed  at  739°  C. 
As  far  then  as  our  present  knowledge  goes,  the  order  in  which  the 
decomposition  of  the  leading  metallic  sulphates  takes  place  is  the  one 
given  in  Table  I. 

TABLE  I.  —  Temperatures  of   Decomposition  of  Various  Metallic  Sulphates. 


Fe 

Cu 



663 

Zn 
739 

Ag2 
1,095 

Ni 
n.  d. 

Co 

Pb 

S04 

590 

n.  d. 

n.  d. 

°c. 

Very  little  work  has  been  done  to  determine  the  temperature  at 
which  zinc  sulphate  is  decomposed,  the  rapidity  with  which  the  decom- 
position takes  place,  and  the  products  that  are  formed.  Schmieder3 
approximated  the  temperature  of  complete  decomposition  of  zinc  sul- 
phate in  a  hand-reverberatory  roasting-furnace  treating  blende  by 
placing  near  the  fire-bridge  Seger  cones  and  noting  the  one  that 
melted  when  basic  sulphate  was  converted  into  oxide.  He  estimated 
the  temperature  to  be  about  1,1  oo°  C. ;  that  is,  the  hearth  near  the 
fire-bridge  has  to  reach  about   i,ioo°  C,  if  the  blende  is  to  be  satis- 


5  Grundriss  der  Metallhuttenkunde,  Leipsic,  1881,  p.  70. 

2  Transactions  American  Institute  of  Mining  Engineers,  XXXIII,  p.  50. 

8  Oesterreichisches  Jahrbuch,  1889,  p.  393. 
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factorily  dead-roasted.  As  to  the  time  required  for  decomposing  zinc 
sulphate,  it  is  known  in  a  general  way  that  the  dead-roasting  of  blende 
is  a  lengthy  operation  on  account  of  the  difficulty  of  decomposing  the 
last  of  the  sulphate.  Eichhorn,1  in  connection  with  roasting  blende 
in  a  muffle  furnace,  calls  attention  to  the  fact  that  it  is  not  so  much 
temperature  as  time  that  is  required  to  obtain  satisfactory  results.  In 
regard  to  the  products  formed,  Vogel,2  as  early  as  18 14,  brought  normal 
zinc  sulphate  to  a  red  heat  and  obtained  a  product  insoluble  in  water 
which  contained  sulphur.  He  called  it  basic  sulphate.  Plattner8  says 
that  in  roasting  blende  there  is  formed,  beside  the  normal  sulphate,  a 
basic  sulphate  of  definite  chemical  composition,  the  tetrabasic  sulphate 
3  ZnO,  ZnS04,  and  that  while  the  former  is  readily  decomposed  upon 
raising  the  temperature  above  the  normal  for  roasting  into  ZnO,  S08, 
SO^  and  O,  the  basic  salt  requires  a  white  heat  for  the  complete  elimi- 
nation of  sulphur.  Plattner  is  the  only  investigator  who  gives  a  basic 
salt  formed  by  heating  normal  sulphate  a  definite  formula.  The  present 
investigation  makes  it  probable  that,  in  decomposing  zinc  sulphate  by 
heat,  the  sulphur  trioxide  passes  off  gradually  and  that  no  definite  basic 
compound  is  formed. 

A  series  of  basic  salts  crystallizing  with  various  amounts  of  water 
has  been  isolated  from  solutions,  but  they  have  no  bearing  on  the  work 
in  hand. 

Some  of  the  preliminary  work  in  this  investigation  was  done  by 
Messrs.  W.  A.  Dorey  and  R.  P.  Roberts  in  1900.  It  was  carried 
further  irl  1901-02  by  Mr.  A.  C.  Dart,  Jr.,  who  tried  to  prove  or  dis- 
prove, by  heating  zinc  sulphate  in  a  current  of  air  and  of  carbon  diox- 
ide, the  correctness  of  the  generally  accepted  statement  that  heating 
a  metallic  sulphate  Vith  limited  access  of  air  caused  the  SOs  to  split 
to  a  large  extent  into  S02  and  O,  while  with  free  access  of  air  the 
volatile  compound  driven  off  was  mainly  S08.  His  results  are  given 
in  Table  II. 


1Berg-  und  Hiittenmannische  Zeitung,  1889,  p.  113. 

2  Journal  fur  Chemie  und  Physik  (edited  by  J.  S.  C.  Schweigger),  1814,  XI,  p.  416. 

8  Die  Metallurgischen  Rostprocesse,  Freiberg,  1856,  pp.  87,  142. 
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TABLE  II.  —  Results  of  Heating  Zinc  Sulphate  with  and  without  Excess 

of  Air. 


Heated  in 


Air 

Air 

Carbon  dioxide 
Carbon  dioxide 


Temperature. 

Total  sul- 
phur elimi- 
nated. 

Degrees  Cen- 
tigrade 

578 
584 
599 
602 

Per  cent. 
1.63 
1.79 
0.50 
0.50 

Sulphur 

eliminated 

as  SO,. 


Per  cent. 
0.14 
0.14 
0.18 
0.16 


Sulphur 

eliminated 

as  SOs. 


Per  cent. 
1.49 
1.65 
0.32 
0.34 


Ratio: 
SasSOt 

SasSO,' 


9.06 

8.26 

55.25 

47.88 


In  the  experiments,  the  results  of  which  are  given  in  Table  II,  the 
temperature  of  the  furnace  was  brought  slowly  to  the  point  at  which 
the  first  acid  was  given  off,  raised  about  io°  C,  and  then  maintained 
constant  for  several  hours.  While  only  a  very  small  proportion  of 
the  total  sulphur  was  driven  off  in  the  tests,  they  show  that  in  heating 
zinc  sulphate  the  tendency  of  the  salt  to  split  into  ZnO,  SOa,  and  O  is 
greater  when  oxygen  is  absent  than  when  it  has  free  access.  Schnabel l 
quotes  Schlapp  as  having  found,  while  decomposing  zinc  sulphate  on 
a  large  scale  by  heating,  that  of  the  total  SOg  present  30  per  cent, 
escaped  as  such,  while  the  rest  passed  off  as  S02  and  O.  Investiga- 
tions along  this  line  were  not  further  pursued,  as  the  researches  of 
Knietsch 2  on  the  formation  and  decomposition  of  sulphur  trioxide  by 
heat  in  the  presence  and  absence  of  catalyzing  agents  had  about  covered 
the  ground. 

The  present  investigation  was  taken  up  in  1903.  A  grant  by  the 
American  Academy  of  Arts  and  Sciences  from  the  income  of  the 
C.  M.  Warren  fund  enabled  me  to  avail  myself  of  the  assistance  of 
Mr.  R.  B.  Yerxa  in  carrying  on  the  work. 

II.     Zinc  Sulphate  Used. 

The  zinc  sulphate  which  formed  the  raw  material  for  the  experi- 
ments was  the  chemically  pure  normal  salt,  ZnS04  +  7  HaO.  It  was 
analyzed  for  zinc  by  the  standard  sodium  carbonate  method,  and  for 
sulphur  by  precipitating  with  barium  chloride,  the  zinc  having  been  first 
removed  to  prevent  any  of  it  from  being  carried  down  by  the  barium 
sulphate.  The  water  was  found  by  the  difference.  The  results  of  the 
analysis  are  given  in  Table  III. 


1  Handbuch  der  Metallhiittenkunde,  Springer,  Berlin,  1904,  second  edition,  II,  p.  46. 

2  Berichte  der  Deutschen  Chemischen  Gesellschaft,  1901,  XXXIV,  p.  4069.     Translated 
by  Ruhoff,  Mineral  Industry,  1901,  X,  p.  605. 
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TABLE 

III. 

—  Composition  of  Zinc  S 

DLPHATE. 

By  analysis. 

By  calculation. 

Per  cent. 

Per  cent. 

SO. 

28.78 

27.84 

ZnO 

29.27 
By  difference 

28.32 

H,0 

41.96 

43.84 

Ratio  *  SO,  '  ZnO 

0.9833 

0.9828 

The  results  in  Table  III  show  that  the  analysis  gave  about  2  per 
cent,  less  water  than  the  quantity  required  by  the  formula.  This  differ- 
ence was  accounted  for  by  the  fact  that  the  salt  had  been  kept  in  a 
closet  the  temperature  of  which  had  reached  sometimes  300  C.  Upon 
close  examination  the  crystals  appeared  dull,  as  if  they  had  weathered. 
The  close  agreement  of  the  two  ratios  of  S08  :  ZnO  proves  that  the 
sulphate  was  the  normal  salt. 

III.     Furnaces  and  Pyrometers. 


Two  electric  furnaces  and  one  gas-furnace  served  for  the  heat-work. 
The  electric  furnaces  were  of  the  resistance  type  first  suggested  and 
used  by  Prof.  C.  L.  Norton1  in  1894,  and  since  then  commonly  employed 
for  laboratory  heating  purposes  with  temperatures  up  to  about  1,400°  C. 
Figure  1  represents  a  sketch  of  the  tube-furnace,  D,  with  gas-train, 
A,  By  C.  A  porcelain  tube,  22  inches  long  and  1  inch  internal 
diameter,  glazed  inside  only,  was  wound  in  the  centre  for  a  distance 
of  about  8  inches  with  0.5  mm.  platinum  wire.  The  platinum  coil,  of 
thirty  turns  about  "0.25  inch  apart,  was  coated  with  a  thin  mortar  of 
chemically  pure  magnesia;  the  tube  then  covered,  excepting  5  inches 
at  the  ends,  with  a  thick  mortar  of  calcined  magnesia,  F;  this  sur- 
rounded with  ordinary  asbestos-magnesia  covering,  G ;  and  the  whole 
inclosed  with  fluted  asbestos  steam-pipe  covering,  H.  The  sides  of  the 
furnace  were  firmly  held  together  with  brass  ribbons  in  common  use 
for  covering  steam-pipes,  and  the  ends  plastered  over  with  a  mixture 
of  magnesia  and  water-glass  to  prevent  the  dry  part  of  the  lining  from 
falling  out.  The  platinum  coils  were  coated  with  chemically  pure  mag- 
nesia to  prevent   them   from   coming   in  contact   with   the  impurities 


*Fay  and  Badlam,  Technology  Quarterly,  1900,  XIII,  p.  304;  Norton,  Iron  Age,. 
January  3,  1901,  p.  22. 
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contained  in  the  ordinary  magnesia,  as  these  often  form  clinkers  which 
corrode  the  platinum  wire.  By  leaving  the  ends  of  the  porcelain  tube 
uncovered  for  5  inches,  they  remained  sufficiently  cool,  when  the  fur- 
nace was  brought  to  the  highest  temperature,  to  admit  the  use  of  rubber 
stoppers.  The  wires  of  the  thermo-couple  were  firmly  connected  with 
the  rubber  stopper,  M,  at  the  delivery  end  of  the  tube  by  cutting  a 
longitudinal  slit  into  opposite  sides,  inserting  a  wire,  and  binding  the 
whole  with  adhesive  tape.  By  thus  fastening  the  wires  to  the  stopper, 
the  couple,  L,  when  once  adjusted  to  be  in  contact  with  the  substance 


Ftc  1.  —  Electric  Tube-furnace  with  Gas-thin, 

in  boat,  K,  to  be  heated,  would  be  again  in  correct  position  when  the 
tube  was  closed  up  after  the  stopper  had  been  removed  for  some  reason 
or  other.  The  wires  reaching  into  the  tube  were  insulated  from  one 
another,  yet,  at  the  same  time,  firmly  held  together  by  winding  them, 
over  and  under,  with  asbestos  string.1 

The  gas-train  consists  of  a  gasometer,  A,  of  ordinary  type,  used  for 
forcing  air  or  any  other  gas  through  the  apparatus.  It  is  followed  by 
an  Ahlin  wash-bottle,  B,  filled  with  a  strong  solution  of  potassium  per 
manganate,  which  oxidizes  all  traces  of  organic  matter  or  sulphurous 
acid  from  the  air.  The  drying  tower,  C,  filled  with  pieces  of  calcium 
chloride,  removes  any  moisture  present,  so  that  only  thoroughly  purified 

:    Measurements.       T ran sli ted    by 
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and  dried  air  can  enter  the  porcelain  tube  of  the  furnace.  At  the 
opposite  end  is  a  railroad  tube,  E,  to  hold  the  indicator  solution.  It 
was  found  necessary  to  have  two  indicators.  One  was  a  very  dilute 
solution  of  iodine  in  potassium  iodide  and  of  starch  to  show  the  pres- 
ence of  sulphurous  acid  by  the  fading  of  the  blue  color.  As  the  blue 
color  is  also  destroyed  by  organic  matter,  another  indicator  had  to 
be  provided  for  carbon-reduction  experiments.  At  the  suggestion  of 
Prof.  A.  H.  Gill,  a  colorless  solution  of  potassium  iodate  and  starch 
was  used  which  was  changed  to  blue  by  sulphurous  acid.  Carbon 
burned  in  the  tube  had  no  effect  upon  it. 

The  tube-furnace  was  adopted  after  experimenting  for  some  time 
with  a  similar  electric  furnace,  16  inches  long  by  10  inches  in  diameter, 
the  chamber  of  which  consisted  of  a  cylindrical  clay  retort,  6  inches  long 
by  2.5  inches  in  diameter,  the  mouth  being  flush  with  the  covering  to 
admit  access  with  tools.  The  furnace  had  to  be  given  up  for  experi- 
ments requiring  hermetic  sealing,  as  it  was  found  impossible  to  cement 
a  plug  into  the  mouth  of  the  cylinder  which  would  be  air-tight  during 
the  experiment  and  permit  of  being  easily  removed  at  the  close  of  a 
test.  The  retort-furnace  was  employed,  however,  in  conjunction  with 
the  tube-furnace  for  dehydrating  and  for  heating  larger  quantities  of 
zinc  sulphate  than  the  tube  could  conveniently  hold,  under  conditions 
not  requiring  the  furnace  to  be  air-tight.  A  gas  muffle-furnace,  made 
by  the  American  Gas  Furnace  Company,  New  York,  New  York,  with 
muffle  12  inches  long  by  6.75  inches  wide  by  3.75  inches  high,  was 
used  for  heating  large  quantities  of  zinc  sulphate  and  for  roasting 
blende. 

The  temperatures  were  measured  with  Le  Chatelier  thermoelectric 
couples.  With  the  tube-  and  retort-furnaces  a  Chauvin-Arnoux  galva- 
nometer was  employed,  with  the  gas  muffle-furnace  the  common  form 
of  Deprez-d' Arson val.  The  couples  were  calibrated  against  the  boiling- 
points  of  water,  naphthalene,  and  sulphur,  and  the  melting-points  of 
aluminum  and  gold. 

IV.     Heating  of  Zinc  Sulphate  —  Dehydration. 

Manuals  of  chemistry  teach  that  hydrous  zinc  sulphate  loses  six  of 
its  seven  molecules  of  water  when  it  is  heated  to  ioo°  C. ;  that  at  a 
higher  temperature  the  last  molecule  is  driven  off ;  and  that  it  is  diffi- 
cult to  remove  this  without  at  the  same  time  starting  the  decomposition 
of  the  anhydrous  salt.     As  it  was  important  in  the  proposed  work  to 
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start  with  anhydrous  salt,  tests  were  made  to  find  the  temperature  at 
which  zinc  sulphate  was  completely  dehydrated.  Weighed  samples  of 
the  crystalline  salt  were  partly  dehydrated  on  a  steam-table  and  then 
transferred  to  the  tube-furnace.  The  temperature  of  the  steam-table 
was  about  1090  C.  and  caused  an  average  loss  in  weight  of  36.29  per 
cent.  In  the  tube-furnace  the  temperature  was  first  brought  to  and 
maintained  at  2380  C.  to  constant  weight ;  it  was  next  raised  to  3240  C. 
and  again  held  until  there  was  no  further  diminution  in  weight.  In- 
creasing the  heat  did  not  cause  any  additional  loss  until  the  sulphate 
began  to  be  decomposed.  The  temperature  of  approximately  complete 
dehydration  was,  however,  lower.  Further  tests  at  2400,  2600,  and 
2800  C.  showed  that  above  2800  C.  there  was  no  additional  loss. 
Working  within  the  limits  of  2600  and  2800  C.  it  was  found  that 
26  30  C.  was  the  lowest  temperature  at  which  the  last  water  (excepting 
0.24  per  cent.)  was  given  off.  With  samples  weighing  2  g.  each  it  took 
from  thirty  to  forty  hours  to  finish  a  test.  The  average  loss  of  water 
in  the  runs  made  at  2630  C.  or  slightly  above  was  41.71  per  cent.,  while 
the  analysis  of  the  salt  calls  for  41.95  per  cent.  The  last  0.24  per 
cent,  water  could  be  set  free  only  at  a  temperature  at  which  the  decom- 
position of  the  sulphate  began.  The  losses  in  weight  from  ioo°  to 
2630  C.  showed  that  the  quantity  of  water  driven  off  rose  with  the 
temperature,  as  did  the  rapidity  with  which  it  passed  off. 

V.     Heating  of  Zinc  Sulphate  —  Decomposition. 

(a)  Beginning  of  Decomposition.  —  Five  separate  experiments  were 
carried  through  to  determine  the  beginning  of  decomposition  of  anhy- 
drous zinc  sulphate.  The  mode  of  operating  was  as  follows :  A  sample 
of  the  hydrous  salt  weighing  about  3  g.  was  partially  dehydrated  on  a 
steam-table,  transferred  to  the  tube-furnace,  heated  to  constant  weight, 
set  aside  to  free  the  cool  end  of  the  delivery-tube  completely  from  con- 
densed moisture,  and  then  replaced  in  the  tube.  In  the  preliminary 
trials  it  has  been  found  that  this  condensed  moisture  absorbed  the  first 
traces  of  acid  set  free  and  vitiated  the  results.  With  the  sample  again 
in  place  and  the  tube  closed,  the  air-current  was  started  and  the  furnace 
heated,  rapidly  to  5000  C.  and  then  slowly.  Galvanometric  readings 
were  taken  as  a  rule  every  minute,  often,  however,  at  shorter  intervals. 
When,  in  the  slow  heating,  the  temperature  was  raised  50  C.  a  minute, 
the  first  fading  of  the  indicator  occurred  at  5500  C. ;  when  more  slowly, 
it  took  place  at  a  lower  temperature.     The  lowest  point  recorded  for 
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the  beginning  of  decomposition  on  a  slowly  rising  temperature  was 
532°  C.  Upon  lowering  the  temperature  from  5320  to  5250  C.  and 
allowing  it  to  remain  constant,  no  fading  of  the  indicator  could  be 
detected.  When  it  was  increased  to  5280  C.  and  held  there,  the  indi- 
cator began  to  fade  after  about  ten  minutes.  The  decomposition  of 
anhydrous  zinc  sulphate  begins  at  532°C.  with  a  rising,  and  at  5280  C. 
with  a  constant,  temperature.  The  difference  of  40  C.  finds  its  expla- 
nation in  the  time  required  for  the  extremely  small  quantity  of  acid  set 
free  to  travel  from  the  boat,  holding  the  charge,  to  the  indicator  tube. 
The  evolution  of  sulphurous  gas  at  5280  C.  lasted  for  from  one  to  two 
hours,  according  to  the  weight  and  the  thickness  of  the  charge.  In 
two  tests  in  which  the  salt  was  weighed  after  the  sulphurous  gas  had 
ceased  to  be  evolved,  the  loss  in  weight  was  only  0.04  and  0.05  per  cent , 
based  on  that  of  the  anhydrous  salt,  which  was  about  2  g.  It  ought 
to  be  mentioned  that,  after  one  test  was  finished  and  before  another 
was  begun,  the  temperature  was  lowered  well  beneath  the  decompo- 
sition point ;  also,  the  furnace  was  swept  clean  from  any  remaining 
free  acid  by  a  current  of  air. 

(b)  Rapidity  of  Decomposition.  —  In  attempting  to  determine  the 
rapidity  of  decomposition,  it  was  necessary  to  feel  one's  way  before 
any  systematic  work  could  be  undertaken.  A  sample  corresponding 
to  *-7535  £•  °f  anhydrous  zinc  sulphate  was  first  heated  to  5280  C. 
and  kept  at  this  temperature  for  1.5  hours,  when  acid  ceased  to  come 
off.  No  further  decomposition  took  place  with  increase  of  temperature 
until  575°  C.  was  reached.  It  took  3.5  hours  of  heating  to  separate 
the  acid.  Raising  the  temperature  again  slowly,  the  indicator  showed 
the  presence  of  acid  at  6io°  C,  and  52.5  hours  passed  before  acid 
ceased  to  come  off.  As  it  required  at  the  end  of  the  52.5  hours  one 
whole  hour's  heating  for  the  indicator  to  show  signs  of  fading,  the 
temperature  was  raised  more  quickly,  io°  C.  per  hour,  until  68 1°  C. 
was  reached  and  maintained  at  this  stage  for  four  hours.  A  further 
rise  of  90  C.  brought  the  charge  to  6900  C,  at  which  temperature  it 
was  again  held  for  four  hours.  The  result  of  the  seventy-six  hours' 
heating  was  a  loss  of  only  7.5  per  cent,  of  SOg  out  of  a  possible 
496  per  cent.  This  decrease  in  weight  was  checked  by  a  determina- 
tion of  sulphur  in  the  residue,  which  was  found  to  be  16.8  per  cent. 
The  7.5  per  cent,  of  S08  correspond  to  3  per  cent,  of  sulphur,  and 
the  anhydrous  zinc  sulphate  contained  19.84  per  cent,  of  sulphur.  In 
all  these  tests  the  evolution  of  sulphurous  acid  was  comparatively  rapid 
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when  a  decomposition  stage  was  reached,  and  then  slowed  down  until 
it  finally  ceased  altogether. 

The  preliminary  tests  having  shown  that  with  low  temperatures  the 
evolution  of  sulphurous  acid  gas  was  excessively  slow,  the  subsequent 
tests  were  carried  on  at  higher  temperatures  and  with  shorter  inter- 
vals between  temperature-raisings ;  further,  the  residue  was  weighed  at 
the  end  of  each  heat,  and  thus  the  percentage-loss  by  volatilization 
established.  Five  runs  were  made  to  study  the  general  behavior  of  the 
salt  until  complete  decomposition,  the  rate  of  decomposition  at  certain 
temperatures,  and  the  effect  of  the  thickness  of  the  charge.  Table  IV 
gives  the  losses  in  weight  obtained  in  raising  the  temperatures  from 
5  280  to  8360  C.  in  the  stated  time  intervals.  The  loss  in  weight  is 
very  small  at  first ;  it  increases,  however,  with  the  temperature.  Six 
hours'  heating  at  75 50  C.  causes  a  loss  in  weight  (8.62  per  cent.)  far 
greater  than  seventy-two  hours'  heating  at  or  slightly  above  6io°  C.  in 
the  preceding  run  (7.5  per  cent.).  After  having  been  kept  for  twenty- 
four  hours  at  75 5 °  C,  the  loss  in  weight  has  fallen  to  1.8 1  per  cent, 
(the  lowest  decomposition  temperature  is  7390  C,  as  will  be  shown 
later  on),  while  the  total  loss  amounts  to  only  22.23  per  cent.  As  this 
progress  was  too  slow,  the  temperatures  were  raised  more  quickly. 


TABLE  IV.  —  Losses  in  Weight  by  Heating  Zinc  Sulphate. 

[Charge  *  1 .95(52  g.  of  zinc  sulphate  in  a  3-inch  boat.] 


Time  of  each  heat. 

Temperature. 

Loss  of  SO*  in  each 
heat. 

Total  loss  of  SO,. 

Hours 
1 

Degrees  centigrade. 
528 

Per  cent. 
0.04 

Per  cent. 
0.04 

4 

618 

0.46 

0.60 

6 

636 

2.19 

2.69 

6 

755 

8.62 

11.31 

6 

755 

6.95 

18.26 

C 

755 

2.16 

20.42 

6 

756 

1.81 

2253 

6 

760 

257 

24.50 

3 

768 

1.67 

26.37 

3 

785 

2.72 

28.11 

3 

792 

4.83 

32.94 

3 

803 

5.50 

38.44 

3 

815 

5.08 

43.52 

3 

826 

4.71 

4853 

3 

836 

157 

49.50 
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Table  V  gives  the  results  of  the  tests  made  at  8360  C,  the  highest 
temperature  reached  in  Table  IV,  varying  the  thickness  of  the  charge 
by  spreading  the  same  weight  of  ore  over  a  3-inch  and  a  6-inch  boat, 
which  gave  layers  0.25  inch  and  -Jg-  inch  in  thickness.  The  3-inch  boat 
was  heated  in  the  tube-furnace,  the  6-inch  boat  in  the  retort-furnace. 
The  results  are  plotted  in  curves  A  and  B  of  Figure  2. 


TABLE  V.  —  Losses  in  Weight  of  Zinc  Sulphate  Heated  to  8360  C. 


Charge  :  2.256  g.  ZnSO*  in  a  3-inch  Boat. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 


Time. 


Hours. 


Loss  SO*. 


Per  cent. 
13.60 

18.57 

20.68 

23.14 

25.79 

27.64 

30.04 

32.09 

34.06 

35.90 

37.93 

39.72 

41.45 

42.83 

44.16 

45.10 

46.00 

46.59 

46.98 

47.81 

48.59 

48.86 

49.33 

49.62 

49.77 


Loss  S  (calculated). 


Per  cent. 
5.44 

7.43 

8.27 

9.26 

10.28 

11.07 

12.02 

12.84 

13.62 

14.36 

15.17 

15.88 

16.58 

17.13 

17.66 

18.04 

14.40 

18.64 

18.79 

19.12 

19.44 

19.54 

19.73 

19.85 

19.90 


Charge:  2.259 g.  ZnSQ4  in  a  6-inch  Boat. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Time. 


Hours. 


Loss  SO,. 


Per  cent. 
19.78 

26.37 

32.70 

38.98 

44.58 

47.74 

48.64 

49.11 

49.50 

49.61 

49.79 

49.96 


Loss  S  (calculated). 


Per  cent. 
7.91 

10.55 

13.08 

15.59 

17.83 

19.10 

19.46 

19.64 

19.80 

19.84 

19.91 

19.98 


Table  VI  gives  the  results  of  the  tests  made  at  8030  and  7700  C, 
the  salt  having  been  spread  in  a  3-inch  boat  to  a  thickness  of  ±  inch. 
The  results  are  plotted  in  curves  C  and  D  of  Figure  2. 
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Fig.  2.  —  Rapidity  of  Decomposition  of  Zinc  Sulphate. 


TABLE  VI.  —  Losses  in  Weight  of  Zinc  Sulphate  Heated  to  8030  C.  and 

77o°  C. 


TEMPERATURE, 

803°  C. 

Tempera tvrk,  770°  C. 

Charge :  0.109  g.  of  ZnSO< 

s 

i  in  a  3-inch  boat. 

Charge :  0.1179  g.  of  ZnSO«  i 

n  a  3-inch  boat. 

Time. 

LossSO,. 

Loss  S  (calculated). 

Time. 

Loss  SOa. 

Loss  S  (calculated). 

Hours. 

Per  cent. 

Per  cent. 

Hours. 

Per  cent. 

Per  cent. 

20.18 

8.07 

1.0 

18  82 

7.53 

2    . 

36.50 

14.24 

2.0 

22.30 

8.92 

3   . 

40.00 

16.00 

3.0 

26.29 

10.51 

4   . 

43.96 

17.68 

4.0 

30.45 

12.18 

5   . 

46.61 

18.64 

6.0 

34.61 

13.84 

48.63 

19.46 

8.6 

46.40 

18.56 

7   . 

49.00 

19.64 

11.5 

49.37 

19.57 

8   . 

49.55 

19.82 

12.0 

49.96 

19.98 

Comparing  curves  A  and  B  in  Figure  2,  the  importance  of  the 
thickness  of  charge  upon  the  elimination  of  sulphur  is  brought  out 
clearly.  The  charge  and  the  temperature  are  the  same  in  both  cases. 
With  a  charge  0.25  inch  thick  (curve  A)  it  takes  twenty-six  hours  for 
complete  desulphatization,  while  twelve  hours  (curve  B)  are  sufficient 
to  do  the  same  work  if  the  charge  has  a  depth  -^  inch.     The  loss  in 
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sulphur  during  the  first  hour's  heating  is  rapid  in  both  instances,  but 
less  so  with  the  thicker  charge  (5.44  per  cent.)  than  with  the  thinner 
one  (7.91  per  cent.);  it  then  decreases  gradually,  again  more  rapidly 
with  the  thin  than  the  thick  charge.  At  the  end  of  six  hours  the  thick 
charge  has  lost  11.07  Per  cent-  °f  sulphur,  while  with  the  thin  charge 
19. 1  per  cent  or  nearly  all  the  sulphur  has  been  eliminated,  yet  it 
requires  six  hours  more  to  drive  off  the  remaining  traces.  When,  after 
twelve  hours,  the  thin  charge  has  been  freed  from  sulphur,  the  thick 
charge  has  lost  only  15.88  per  cent.,  and  it  requires  fourteen  hours  more 
heating  to  remove  the  remaining  4  per  cent,  of  sulphur.  Curves  C 
and  D,  representing  the  heating  of  a  small  amount  of  salt  at  8030  and 
7700  C,  are  both  steep;  they  show  again  the  advantage  of  working 
with  a  thin  charge,  and  bring  out  clearly  the  effect  of  difference  of 
temperature.  With  8030  C.  the  decomposition  takes  eight  hours ;  with 
7700  C,  twelve  hours.  In  the  first  hour  the  loss  in  sulphur  is  nearly 
the  same,  8.07  per  cent.  (8030  C.)  and  7.53  per  cent.  (7700  C.) ;  the 
curves  then  diverge,  the  high-temperature  curve  rising  quite  rapidly  as 
against  the  one  of  lower  temperature.  Comparing  curve  B  (8360  C, 
thickness  of  charge  -^  inch)  and  curve  D  (7700  C,  thickness  of  charge 
g1^  inch),  it  is  seen  that  both  charges  are  completely  decomposed  after 
twelve  hours'  heating ;  the  elimination  of  sulphur  at  the  higher  tempera- 
ture is  more  rapid  in  the  first  six  hours  than  at  the  lower  temperature. 
It  requires,  however,  six  additional  hours  to  remove  the  last  0.88  per 
cent,  of  sulphur  at  8360  C.  with  a  Jg-inch  layer,  while  only  two  hours 
are  necessary  to  do  the  same  work  at  7700  C.  with  a  ^-inch  layer. 

It  ought  to  be  added  that  in  the  runs  represented  by  curves  A,  8, 
C,  and  D  the  heating  was  carried  on  one  hour  longer  than  shown  in  the 
tables  and  in  the  figure  to  have  proof  positive  that  no  further  loss  took 
place. 

(c)  End  of  Decomposition.  —  In  the  experiments  recorded  in  Tables  V 
and  VI  and  represented  graphically  in  Figure  2,  anhydrous  zinc  sulphate 
was  completely  decomposed  at  7700,  8030,  and  8360  C.  It  was  of  inter- 
est to  find  whether  7700  C.  was  the  lowest  temperature  of  complete 
decomposition  or  not.  For  this  purpose  the  experiments  recorded  in 
Table  VII  were  carried  out.  The  charge  of  o.  1169  g.  of  dehydrated 
zinc  sulphate  in  a  3-inch  boat  was  brought  quickly  to  76 30  C.  and  main- 
tained for  four  hours  at  this  temperature.  This  was  done  to  hasten 
the  elimination  of  sulphur ;  weighings  were  made  hourly  to  note  the 
progress.     The  temperature  was  then  lowered  a  few  degrees  at  a  time 
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at  half-hour  intervals  until  no  further  loss  in  weight  occurred.  This 
took  place  at  7300  C.  The  temperature  was  now  raised  to  735°  C.  and 
held  there  for  5.5  hours,  half-hourly  weights  being  taken. 

TABLE  VII. —  Losses  in  Weight  of  Zinc  Sulphate  Heated 

Rapidly  to  7630  C. 

[Charge :  0.1169  g.  of  zinc  sulphate  in  a  3-inch  boat.] 


Time  of  each  heating. 

Temperature. 

Loss  in  weight. 

Lou  of  SOs. 

Hours. 

Degrees  centigrade. 

Grams. 

Per  cent. 

4.0 

763 

0.0310 

26.52 

0.5 

752 

0.0020 

1.71 

1.0 

748 

0.0032 

2.74 

0.5 

739 
730 

0.0016 
0.0000 

1.37 

0.5 

0.00 

5.0 

735 

0.0132 

11.29 

0.5 

735 

0.0000 

0.00 

1.0 ~   .   .   . 

777 

0.0033 

2.82 

1.0 

737 

0.0013 

1.11 

0.5 

737 

0.0000 

0.00 

0.5 

739 
739 

0.0014 
0.0004 

1.20 

0.5 

034 

0.5 

739 

0.0000 

0.00 

0.5 

749 

0.0000 

0.00 

1.5 

754 

0.0000 

-    0.00 

0.5 

842 

0.0000 

0.00 

As  there  still  remained  in  the  residue  5.47  per  cent,  of  sulphur 
trioxide,  the  temperature  was  brought  to  and  maintained  at  7770  C. 
for  one  hour,  to  drive  off  the  bulk  of  the  5.47  per  cent.  Table  VII 
shows  that  2.82  per  cent,  was  thus  removed.  Lowering  the  heat  to 
7370  C.  and  holding  it  there  for  one  hour  caused  a  loss  of  1.11  per 
cent.,  but  an  additional  half  hour  caused  no  further  loss,  although  there 
still  remained  1.54  per  cent,  of  acid.  Raising  the  temperature  20  to 
7390  C.  caused  in  half  an  hour  a  loss  of  1.2  per  cent.,  and  of  0.34 
per  cent,  in  the  next  half  hour;  a  third  half  hour  at  7390  C.  caused 
no  further  loss  in  weight,  nor  did  heating  to  7490,  754°,  and  8420  C. 
The  decomposition  had  been  completed  at  7390  C.  ;  the  total  loss  in 
weight  was  49.1  per  cent.;  the  time,  fourteen  hours.  The  time  re- 
quired for  decomposing  the  salt  completely  at  7390  C.  was  not  ascer- 
tained, but,  judging  by  the  runs  at  8030  and  7700  C,  it  would  have 
been  of  long  duration. 


The  Decomposition  and  Formation  of  Zinc  Sulphate.  347 

(d)  Retardation  in  Heating-curve.  —  All  the  experiments  so  far 
carried  out  point  to  the  conclusion  that  stable  anhydrous  basic  zinc 
sulphates  do  not  exist ;  the  sulphur  trioxide  of  the  normal  sulphate 
passes  off  gradually  without  any  decided  interruption,  as  the  temper- 
ature is  raised  from  beginning  to  complete  decomposition.  In  order 
to  verify  this  conclusion,  the  method  employed  by  Bradford  *  in  finding 
the  temperatures  Of  decomposition  of  ferrous,  cupric,  and  argentic  sul- 
phate was  applied  to  zinc  sulphate.  It  consists  in  heating  the  salt 
slowly  in  contact  with  a  thermo-couple  to  and  above  decomposition  and 
recording  the  rise  of  temperature.  Upon  dissociation  of  the  substance 
there  will  be  caused  a  break  in  the  heating-curve;  it  will  be  a  retar- 
dation if  heat  is  absorbed,  an  acceleration  if  set  free.  Zinc  oxide 
combining  with  sulphur  trioxide  forms  an  exothermic  reaction,    - 

ZnO  +  SOa  =  ZnS04  +  52.9  kg.  cal.  ;2 

hence,  upon  being  decomposed,  heat  is  absorbed,  and  the  heating-curve 
will  show  a  decided  retardation,  if  all  the  sulphur  trioxide  is  given  off 
readily  at  a  certain  temperature,  or  if  the  normal  anhydrous  salt  passes 
through  clearly  defined  steps  of  basic  salts  while  it  is  being  converted 
into  oxide. 

The  retort-furnace  was  used  in  the  tests.  It  was  placed  on  end 
and  the  retort  partly  filled  with  magnesia ;  a  porcelain  crucible  charged 
with  5  g.  of  anhydrous  zinc  sulphate  was  embedded  up  to  the  rim  in 
the  magnesia.  The  junction  of  the  thermo-couple  was  placed  in  the 
salt  so  as  to  nearly  touch  the  bottom  of  the  crucible.  The  current  of 
1 10  volts  was  turned  on  with  the  resistance-coils  cut  out.  This  gave 
at  first  a  rise  in  temperature  of  200  C.  per  minute,  but  it  decreased, 
of  course,  as  the  temperature  of  the  crucible  rose.  The  galvanometer 
was  read  every  fifteen  seconds ;  the  readings  were  begun  at  little  below 
5280  C.  and  continued  to  above  7400  C.  Four  separate  runs  were 
made,  three  with  the  salt  in  the  crucible,  one  with  the  empty  crucible 
to  serve  as  a  blank  test.  In  the  plot,  shown  in  Figure  3,  the  galva- 
nometer deflections  and  corresponding  temperatures  in  degrees  centi- 
grade scale  are  plotted  on  the  ordinate,  and  the  time  in  minutes  on  the 
abscissa.  Curve  A  represents  the  blank  test,  curves  B,  C,  and  D  the 
runs  made  with  the  charged  crucible.  Curve  A  shows  slight  retarda- 
tions near  7470  and  7900  C,  which  are  due  to  irregularities  of  current, 


1  Transactions  American  Institute  of  Mining  Engineers,  XXXIII,  p.  50. 
2Berthelot,  Thermo-Chimie,  Paris,  1897,  II,  pp.  91,  305,  309. 
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Fig.  3. —  Heating-curve  of  Zinc  Sulphate. 


caused  probably  by  current  being  turned  on  or  shut  off  in  other  parts 
of  the  Institute's  laboratories.  The  apparent  retardations  in  curve  B  at 
7600  C,  and  in  curve  C  at  7350  and  76  5  °  C,  must  be  due  to  the  same 
cause  as  that  in  curve  A,  as  in  curve  D  no  retardation  whatever  is  per- 
ceptible. These  results,  therefore,  substantiate  the  conclusions  formed 
from  the  preceding  work. 

(e)  Formation  of  Basic  Salts.  —  When  anhydrous  zinc  sulphate, 
partly  decomposed  by  heating,  is  treated  with  hot  water,  the  undecom- 
posed  salt  is  quickly  hydrated  and  dissolved,  leaving  behind  basic  salt, 
which  dissolves  with  the  greatest  difficulty  in  water  with  continued 
boiling,  small  samples  taking  days  of  treatment.  The  following  experi- 
ments were  planned  to  see  how  much  basic  sulphate  was  formed  as  the 
decomposition  of  the  normal  sulphate  and  the  elimination  of  sulphur 
progressed.  The  heating  was  carried  on  in  the  gas  muffle-furnace. 
A  charge  of  80  g.  of  anhydrous  normal  zinc  sulphate  was  placed  in  an 
oblong  clay  roasting  dish,  4.25  by  10.25  inches  and  0.75  inch  deep, 
with  walls  0.25  inch  thick.  The  temperatures  were  taken  at  intervals 
of  a  few  minutes  by  placing  the  thermo-couple  in  contact  with  the  salt. 
As  the  top  of  this  was  found  to  be  io°  C.  lower  than  the  bottom,  the 
couple  was  pushed  down  toward  the  bottom  of  the  tray.     The  charge, 
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0.5  inch  in  thickness,  was  rabbled  (with  a  few  exceptions  to  be  noted 
later)  at  intervals  of  a  few  minutes,  and  samples  weighing  from  10  to 
14  g.  were  taken  every  hour.  After  a  sample  had  been  obtained,  the 
salt  was  pushed  together  so  as  to  have  the  same  depth  as  the  original 
charge.  Three  heatings  were  made :  at  7900  C,  or  500  C.  above  the 
lowest  temperature  of  complete  decomposition  of  zinc  sulphate ;  at 
^40°  C,  the  temperature  of  decomposition;  and  at  6900  C,  500  C. 
below  the  final  temperature.  It  was  necessary  to  make  on  each  sample 
three  analytical  determinations :  the  total  zinc,  the  zinc  soluble  in  hot 
water,  and  the  sulphur  insoluble  in  hot  water. 

The  total  sulphur  eliminated  was  calculated  by  deducting  from  the 
sulphur  in  the  charge  the  insoluble  sulphur  and  the  sulphur  in  com- 
bination with  the  soluble  zinc  sulphate.  Zinc  was  determined  by 
titrating  with  potassium  ferrocyanide  and  the  residual  sulphur  by  dis- 
solving the  basic  sulphate  in  the  smallest  possible  quantity  of  hydro- 
chloric acid  and  then  precipitating  with  barium  chloride.  The  total 
zinc-content  of  each  sample  was  ascertained  in  order  that  the  analytical 
results  might  be  reduced  to  a  common  basis,  namely,  to  the  basis  of 
40.52  per  cent,  of  zinc  contained  in  the  normal  anhydrous  sulphate. 
The  results  of  the  actual  and  corrected  analyses,  and  of  the  calculated 
corrected  figures  for  eliminations  of  sulphur,  are  given  in  Tables  VIII 
(7900  C),  IX  (7400  C),  and  X  (6900  C.) ;  the  corrected  figures  are 
plotted  in  Figure  4. 


TABLE  VIII.  —  Basic  Zinc  Sulphate  Formed  by  Heating  Zinc  Sulphate. 

[Charge  :  80  g.  of  ZnSO*  ;  temperature,  790°  C. ;  time,  six  hours.] 


/ 

Actual  analyses. 

Zinc  as  normal  sulphate    .... 
Sulphur  as  basic  sulphate     .   .   . 

Per  cent. 
43.44 

36.28 

0.80 

Per  cent. 
48.63 

26.40 

2.65 

Per  cent. 
48.97 

25.73 

2.66 

Per  cent. 
49.49 

24.62 

2.77 

Per  cent. 
62.06 

22.02 

2.86 

Per  cent. 
54.49 

19.82 

295 

Analysks  Corkkctkd  to  Basis  op  40.52  Prr  Cent,  of  Zinc. 


1 
Zinc  as  normal  sulphate    .    .    .    .  ' 

33.84 

22.01 

21.29 

20.16 

17.38 

14.72 

i 

Sulphur  as  basic  sulphate     .    -    . 

0.747 

2.21 

2.20 

2.27 

2.25 

2.14 

Sulphur  eliminated  (calculated)  . 

1 

2.69 

7.05 

7.42 

7.91 

9.32 

10.76 

sulphur  eliminated  _  __ 

Average  ratio  :  — j— r   r — ■ rr —  =  3.82 

sulphur  as  basic  sulphate 
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TABLE  IX.  —  Basic  Zinc  Sulphate  Formed  by  Heating  Zinc  Sulphate. 

[Charge  :  80  g.  of  ZnSOj  ;  temperature,  740°  C. ;  time,  six  hours.] 


Zinc,  total 

Zinc  as  normal  sulphate    . 
Sulphur  as  basic  sulphate 


Actual  analyses. 


Per  cent. 
40.82 

38.90 

0.189 


Per  cent. 
42.27 

36.88 

0.548 


Per  cent. 
43.27 

35.69 

0.758 


Per  cent. 
44.83 

33.29 

1.10 


Per  cent. 
45.74 

31.09 

1.39 


Analyses  Corrected  to  Basis  of  40.52  Per  Cent,  op  Zinc. 


sulphur  eliminated  .  __ 

Average  ratio  :- -.-,       ~".    ~    -t~l — =4.08 
sulphur  as  basic  sulphate 


Per  cent. 
46.55 

29.20 

1.75 


Zinc  as  normal  sulphate    .    .    .    . 

38.62 

35.35 

33.41 

30.07 

2754 

25  42 

Sulphur  as  basic  sulphate     -   ■ 

0.188 

0.525 

0.709 

0.997 

1.23 

1.53 

Sulphur  eliminated  (calculated)  . 

0.762 

2.06 

2.85 

4.23 

5.26 

6.02 

TABLE  X. — Basic  Zinc  Sulphate  Formed  by  Heating  Zinc  Sulphate. 

[Charge  :  80  g.  of  ZnS04 ;  temperature,  690°  C. ;  time,  six  hours.] 


Actual  analyses. 

Per  cent. 
40.53 

39.69 

0.088 

Per  cent. 
40.60 

39.28  ' 

0.112 

Per  cent. 
40.63 

38.84 

0.094 

Per  cent. 
41.03 

38.47 

0.194 

Per  cent. 
41.11 

37.91 

0597 

Per  cent. 
41.37 

Zinc  as  normal  sulphate    .... 
Sulphur  as  basic  sulphate     .   .   • 

37.40 
0.324 

Analyses  Corrected  to  Basis  of  4052  Per  Cent,  op  Zinc. 


Zinc  as  normal  sulphate    .... 

39.68 

39.20 

38.72 

37.98 

3736 

36.72 

Sulphur  as  basic  sulphate     .   .   • 

0.068 

0.112 

0.093 

0.191 

0.293 

0.317 

Sulphur  eliminated  (calculated)  . 

0.33 

0.55 

0.81 

1.08 

1.29 

158 

sulphur  eliminated 
Average  ratio  :  -~r  .  c    •  —  *—£- —  =5.4 

sulphur  as  basic  sulphate 


The  values  for  total  zinc  show  readily  how  far  the  decomposition  of 
the  normal  sulphate  was  carried.  Starting  with  40.52  per  cent,  of  zinc 
in  the  original  charge,  the  percentage  has  risen  at  the  terminations  of 
the  tests  with  7900  C.  to  54.59,  with  7400  C.  to  46.55,  and  with 
6900  C.  to  only  41.37.  The  elimination  of  sulphur  with  7900  C.  is 
rapid  at  first,  slackens,  and  then  again  increases ;  with  7400  and 
6900  C.  it  is  more  uniform.  The  total  proportion  driven  off  is,  of 
course,  greater  with  the  higher  than  with  the  lower  temperature.     A 
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proportionality  between  the  amount  of  sulphur  eliminated  and  the 
degree  of  heat  is  indicated  by  the  results  at  the  ends  of  the  roasts. 
The  elimination  of  10.76  per  cent,  at  7900  C.  fell  to  6.02  per  cent,  at 
7400  C.  and  to  1.58  per  cent,  at  6900  C. ;  or  in  a  six-hour  heat  a  differ- 
ence of  500  C.  in  temperature  made  a  difference  of  4.5  per  cent,  in  the 
sulphur  elimination. 

In  the  tube-furnace,  treating  small  amounts  at  a  time,  it  had  been 
noticed  that  at  any  given  temperature  the  decomposition  was  at  first 
rapid  and  then  proceeded  more  slowly.  In  the  muffle-furnace  this  was 
not  the  case,  the  difference  being  no  doubt  due  to  the  stirring  of  the 
charge. 

The  percentage  of  sulphur  present  as  basic  sulphate  increases  with 
the  high  temperature  of  7900  C.  for  the  first  three  hours,  remains  con- 
stant up  to  the  fifth  hour,  and  then  begins  to  decrease ;  with  the  lower 
temperatures  of  7400  and  6900  C.  it  shows  a  steady  increase.  At  the 
end  of  the  heating  the  remaining  percentage  is  higher  with  7900  than 
with  7400  or  6900  C.  The  average  ratio  of  sulphur  eliminated  to  sul- 
phur as  basic  sulphate  increases  as  the  temperature  decreases ;  it  is  3.82 
with  7900,  4.08  with  7400,  and  5.40  with  6400  C.  The  percentage  of 
normal  zinc  sulphate  decreases  as  the  temperature  rises.  With  7900  C. 
there  is  a  quick  fall  during  the  first  two  hours,  during  the  next  two 
hours  it  is  slow,  and  accelerates  again  the  last  two  hours.  With  7400 
and  6900  it  is-  more  uniform,  and,  of  course,  greater  with  7400  than  with 
6900  C. 


PART  II.     DECOMPOSITION   OF  ZINC   SULPHATE  BY 
HEATING  WITH   CARBON   (REDUCING-ROAST). 

I.     Introduction. 

If  metallic  sulphates  that  are  decomposed  by  heat  alone  are  heated 
with  a  carbonaceous  reducing  agent,  they  can  be  partly  reduced,  the 
sulphur  trioxide  oxidizing  the  carbon.  This  may  be  expressed  by 
the  equation 

2  MS04  +  C=2  MO +  2  S02  +  C02. 

If  the  metal  has  more  than  one  oxide,  the  higher  oxide  may  be 
brought  to  a  lower  state  of  oxidation. 

4  MS04  +  3  C  =  2  M20  +  4  S02+  3  COa. 
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If  the  metallic  oxide  is  readily  reducible,  it  may  be  partly  brought 
to  the  metallic  state  and,  combining  with  the  sulphur,  obtained  by  the 
reduction  of  sulphur  dioxide,  form  a  metallic  sulphide. 

2  MS04  +  C  =  2  MO  +  2  S02  +  CO* 
2MO  +  C  =  2M  +  C02, 

2S02  +  2C  =  2S  +  2  CO* 

2  M  +  2  S  =  2  MS. 

If  the  temperature  is  sufficiently  high,  the  metallic  sulphate  is 
reduced  to  sulphide  directly. 

MS04  +  2  C  =  MS  +  2  C02. 

Reducing-roasts  are  not  frequent  now  in  connection  with  metallic 
sulphates;  occasionally  they  are  practiced  in  roasting  blende  carrying 
small  amounts  of  galena,  as  the  ready  fusibility  of  galena  and  of  some 
of  its  compounds  makes  it  inadvisable  to  raise  the  charge  to  the  tem- 
perature necessary  for  driving  off  all,  or  at  least  most,  of  the  sulphur 
trioxide. 

The  only  temperature  measurements  made  in  a  reducing-roast  are 
those  by  Scherr,1  who  found,  upon  addition  of  charcoal  at  5600  C.  to 
partly  roasted  matte,  that  the  5  per  cent,  of  soluble  cupric  sulphate 
was  quickly  reduced  to  0.2  per  cent.  The  first  statement  regarding 
zinc  sulphate  is  that  of  Guy-Lussac,2  who  investigated  the  behavior  of 
the  sulphates  of  zinc,  iron,  manganese,  magnesium,  nickel,  lead,  copper, 
silver,  and  quicksilver  in  a  reducing-roast.  He  found  that  if  zinc  sul- 
phate, mixed  with  an  excess  of  carbon  over  that  required  by  theory,  was 
brought  in  a  closed  vessel  to  a  dark-red  heat,  there  remained  a  residue 
of  zinc  oxide  and  carbon,  while  there  passed  off  a  gas  consisting  of  two 
volumes  of  sulphur  dioxide  and  one  volume  of  carbon  dioxide.  If  the 
mixture  was  brought  quickly  to  a  white  heat,  the  residue  was  zinc 
sulphide  and  carbon,  while  the  gas  that  passed  off  consisted  of  carbon 
monoxide,  with  a  slight  admixture  of  sulphur  dioxide  and  carbon  dioxide. 

II.     Experiments  and  Results. 

In  the  experiments  with  anhydrous  zinc  sulphate  there  were  deter- 
mined the  temperatures  at  which  the  reaction  began  and  at  which  it 
became  vigorous,  and  the  residue  was  analyzed  for  sulphur.     Heating 


1  School  of  Mines  Quarterly,  1900,  XXI,  p.  66. 
2Erdmann,s  Journal  fiir  Praktische  Chemie,  1837,  XI,  p.  65. 
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was  carried  on  in  the  tube-furnace.  As  it  was  necessary  to  carry  off  x 
the  volatile  products  of  the  reaction,  a  current  of  gas  had  to  pass 
through  the  tube.  Air  being  excluded  on  account  of  the  rapid  com- 
bustion of  the  carbon,  nitrogen  was  used.  It  was  prepared  by  Lupton's 
method,1  in  which  ammonia  gas  diluted  with  air  is  conducted  over  a 
mixture  of  cupric  oxide  and  metallic  copper  heated  to  redness  in  a  small 
ignition-tube.  The  metallic  copper  is  oxidized  by  the  air  and  again 
reduced  by  the  hydrogen  of  the  ammonia.  The  gas  mixture  is  obtained 
by  forcing  air  through  a  concentrated  solution  of  ammonia.  It  will  be 
seen  below,  from  the  slow  burning  of  the  carbon  in  the  tests,  that  the 
nitrogen  thus  obtained  was  not  pure.  As  this  did  not  interfere  with 
the  work,  no  especial  pains  were  taken  to  prepare  pure  nitrogen.  Three 
runs  were  made  with  six,  eight,  and  twenty-two  times  as  much  carbon 
in  the  form  of  charcoal  as  was  called  for  by  the  formula.  The  charge, 
about  0.4  g.  of  anhydrous  zinc  sulphate,  was  mixed  and  ground  with 
the  desired  weight  of  charcoal  and  placed  in  a  3-inch  porcelain  boat. 
The  mode  of  operating  was  the  same  as  in  the  previous  tests  made 
in  the  tube-furnace. 

In  the  first  test  (six  times  the  theoretical  quantity  of  carbon)  the 
temperature  of  rapid  reaction  was  first  noted;  it  was  5280  C.  This 
is  the ,  temperature  at  which  zinc  sulphate  begins  to  be  decomposed 
when  heated  in  air.  The  evolution  of  gas,  however,  was  found  to  be 
much  more  energetic,  showing  that  the  decomposition  by  means  of 
carbon  at  this  temperature  was  more  powerful  than  by  means  of  heat 
alone.  The  temperature  was  then  lowered ;  the  evolution  of  sulphurous 
acid  diminished  correspondingly,  and  ceased  at  47 50  C.  The  residue 
was  white ;  all  the  carbon  had  been  oxidized.  In  run  Number  2  (eight 
times  the  theoretical  quantity  of  carbon)  the  lowest  temperature  at  which 
any  sulphur  dioxide  could  be  obtained  was  4090  C. ;  it  ceased  after 
one  hour's  heating.  Upon  raising  the  temperature  to  42 5 °  C,  sulphur 
dioxide  was  again  liberated,  but  weakly,  and  lasted  also  only  for  one 
hour.  Heating  at  5280  C.  caused  the  reaction  to  show  much  activity ; 
it  lasted  thirteen  hours ;  the  residue  was  again  found  to  be  white.  In 
order  to  check  the  results  of  the  two  preceding  tests  and  to  investigate 
the  behavior  between  42 5 °  and  5280  C,  a  third  run  (twenty-two  times 
the  theoretical  quantity  of  carbon)  was  made.  The  first  sulphurous  gas 
was  again  detected  at  4090  C. ;  at  46 30  C.  carbon  acted  upon  the  sul- 
phate, but  not  strongly ;  the  effect  weakened  quickly  and  was  hardly 


1  Chemical  News,  1876,  XXXIII,  p.  90. 
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perceptible  after  2.5  hours;  at  5000  C.  the  reaction  was  fairly  rapid, 
but  weakened  after  a  few  hours;  at  528°  C.  there  was  the  usual  marked 
increase  in  the  evolution  of  gas ;  the  reaction  continued  for  twenty-seven 
hours,  weakening  toward  the  end ;  all  the  carbon  had  been  consumed. 
Upon  a  further  addition  of  carbon  and  heating  to  5280  C,  no  further 
evolution  of  sulphur  dioxide  could  be  detected. 

The  weights  taken  in  the  runs  were  those  of  the  anhydrous  zinc 
sulphate,  of  the  charcoal,  and  of  the  residue.  As  the  percentage  of 
ash  of  the  charcoal  had  been  determined,  the  weight  of  the  decomposed 
sulphate  could  be  easily  found.  The  residue  was  analyzed  for  sulphide 
and  sulphate  sulphur  by  the. method  advocated  by  Blair.1  The  residue 
was  dissolved  in  a  250-cc.  decomposition-flask  in  a  small  amount  of 
hydrochloric  acid,  and  the  hydrogen  sulphide  evolved  conducted  through 
an  alkaline  solution  of  lead  nitrate  held  in  a  140-cc.  Erlenmeyer  beaker. 
The  hydrochloric  acid  solution  held  the  sulphate  sulphur,  and  the  absorp- 
tion-flask the  lead  sulphide  precipitated  by  the  hydrogen  sulphide.  The 
leading  results  of  the  three  tests  are  brought  together  in  Table  XL 

TABLE  XI.  —  Decomposition  of  Zinc  Sulphate  by  Heating 

with  Carbon. 


Multiple  of  theoretical  carbon 

Time  of  heating  —  hours 

Temperature  —  degrees  centigrade    .... 
Loss  in  weight  of  ZnS04 —  percent.   ... 
Sulphide  S  in  residue  of  ZnS04*  —  per  cent. 
Sulphate  S  in  residue  of  ZnSO^* — per  cent. 


Test  Number. 


1. 

G 

t 

475 

6.27 

Trace 

17.80 


3. 


8 
13 
328 
30.55 
0.C1 
6.85 


22 
27 
528 
42.61 
1.41 
2.06 


*  ZnSO*  contains  19.86  per  cent,  of  S. 

III.     Summary. 

The  reaction  of  carbon  upon  zinc  sulphate  begins  at  4090  C,  but 
is  weak  and  lasts  only  a  short  time;  it  grows  stronger  at  4250,  4630, 
4750,  5000  C,  but  weakens  perceptibly  after  a  few  hours;  only  at 
5280  C.  does  carbon  appear  to  become  decidedly  active,  but  even  here 
the  effect  is  at  best  very  slow  and  imperfect,  as  it  is  opposed  by  the 


1  The  Chemical  Analysis  of  Iron  and  Steel,  Philadelphia,  1901,  p.  60. 
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direct  reduction  of  zinc  sulphate  to  zinc  sulphide.  Under  the  most 
favorable  conditions  the  19.86  per  cent,  of  sulphur  of  zinc  sulphate  is 
diminished  to  3.47  per  cent.;  of  this  total  1.41  per  cent,  is  sulphide- 
sulphur  and  2.06  per  cent,  sulphate-sulphur. 


PART  HI.     FORMATION   OF   ZINC   SULPHATE  BY 

ROASTING. 

I.     Introduction. 

Blende  in  its  deposits  is  usually  associated  with  other  metallic 
sulphides,  such  as  galena,  pyrite,  marcasite,  chalcopyrite,  etc.  If  the 
minerals  are  sufficiently  coarse,  galena  can  be  readily  separated  from 
blende  by  crushing  and  washing;  pyrite  and  chalcopyrite,  however, 
only  very  imperfectly.  Magnetic  concentration  has  within  a  few  years 
come  to  the  assistance  of  the  common  methods  of  ore-dressing  and 
does  satisfactory  work.  (In  another  paper  this  question  is  treated 
from  a  laboratory-experimental  point  of  view.)  When  the  metallic 
sulphides  are  very  intimately  mixed,  ore-dressing  methods  fail  and 
chemical  methods  come  into  play.  The  earliest  of  the  latter  class  has 
been  to  give  the  ore  a  sulphatizing-roast,1  aiming  to  oxidize  iron  and 
copper,  and  to  sulphatize  the  lead  and  zinc  and  remove  the  zinc  by 
leaching,  but  this  has  always  been  unsatisfactory.  The  only  locality 
where  it  is  carried  on  on  a  working-scale  is  at  the  Herzog-Julius  and 
Frau  Sophieen  works  in  the  Harz  Mountains.2  Here  the  leaching  with 
water  has  to  be  supplemented  by  treatment  with  acid  to  dissolve  basic 
zinc  salts  and  zinc  oxide.  While  no  details  are  given  as  to  the  percent- 
age of  extraction,  it  may  be  inferred  to  be  unsatisfactory  from  the  fact 
that  the  slag  of  the  blast-furnace  in  which  the  roasted  and  leached  ore 
is  smelted  assays  19.12  per  cent,  of  zinc.  It  becomes,  therefore, 
of  much  value  to  study  the  conditions  under  which  the  maximum  of 
sulphate  is  formed  in  roasting  blende. 

Plattner  8  is  probably  the  earliest  writer  who  investigated  the  behavior 
of  blende  when  subjected  to  an  oxidizing  roast.     He  says  that  if  blende, 


1  Ingalls,  Engineering  and  Mining  Journal,  May  3,  1902. 

2  Brauning,  Zeitschrift  fur  Berg-,  Hiitten-,  und  Salinen-Wesen,  in  Preussen,  1877,  XXV, 
p.  144;  Kerl,  Mineral  Industry,  1895,  IV>  P-  83;  Schnabel,  Handbuch  der  Metallhutten- 
kunde,  second  edition,  Berlin,  1904,  p.  312  ;  Ingalls,  Metallurgy  of  Zinc  and  Cadmium, 
New  York,  1903,  p.  677. 

8  The  Metallurgischen  Rostprocesse,  Freiberg,  1856,  pp.  87,  142. 
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practically  free  from  iron  and  in  a  finely  divided  state,  is*  roasted  with 
stirring  at  a  dark-red  heat,  the  oxidation  will  proceed  slowly,  and  the 
sulphur  dioxide  evolved  will  be  converted  in  part  into  sulphur  trioxide, 
this  process  being  favored  by  a  thick  bed  of  ore.  Some  of  the  sulphur 
trioxide  will  combine  with  the  zinc  oxide  formed  to  yield  normal  sul- 
phate and  tetrabasic  sulphate,  and  some  will  have  an  oxidizing  effect 
upon  the  blende  still  undecomposed.  If  the  roast  is  carried  on  at  an 
elevated  temperature  and  with  a  strong  draft,  causing  free  access  of  air, 
less  sulphur  trioxide  will  be  formed  and  hence  less  zinc  sulphate.  *If 
the  temperature  reaches  the  point  at  which  the  tetrabasic  sulphate  is 
decomposed,  the  normal  sulphate  cannot  well  form,  and  the  result  is  a 
product  containing  only  zinc  oxide.  The  formation  of  a  tetrabasic  zinc 
sulphate  has  already  been  discussed. 

The  presence  of  iron  in  blende  as  an  isomorphous  sulphide  is  known 
to  have  a  retarding  influence  upon  the  roasting  of  blende.  Minor1  has 
published  interesting  remarks  on  this  point,  treating  four  samples  of 
blende  with  from  2  to   15  per  cent,  of  Fe.     His  results  are  given  in 

part  in  Table  XII. 

* 

TABLE  XII.  —  The  Retarding  Influence  of  Iron  upon  the  Roasting  of 

Blende. 


Raw  Rlbndb. 


Pkrcentagk  qf  Suli'htr  in  Roasting  Blkndk. 


No.  of  test. 


Iron. 


Percent. 
1 ■  2.33 

2 13.12 

3 2.0C 

1 

4 !         15.94 


One  hour. 

Two  hours. 

Three  hours. 

Four  hours. 
Per  cent. 

Five  hours. 

Six  hours. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

10.32 

2.86 

1.80 

1.71 

0.95 

0.08 

24.33 

21.95 

20.65 

17.02 

2.15 

0.18 

14.6!) 

6.27 

1.23 

0.22 

0.10 

0.06 

27.25 

24.30 

18.25 

11.94 

4.27 

0.04 

The  roasts  are  seen  to  have  been  carried  very  far.  The  behavior  of 
the  samples  low  in  iron,  Numbers  1  and  3,  is  normal,  the  percentage 
of  sulphur  falling  off  quickly  in  the  first  two  hours,  and  then  more 
slowly.  With  the  blende  high  in  iron,  samples  Numbers  2  and  4,  the 
percentage  of  sulphur  decreases  very,  very  slowly,  and  then  drops  sud- 
denly in  the  fifth  hour ;  at  the  end  of  the  sixth  hour  the  blende  with 
15.98  per  cent,  (or  nearly  16)  of  Fe  contains  less  sulphur  than  any  of 
the  other  three  samples.  An  explanation  for  this  peculiar  behavior  is 
not  given. 


1Chemiker  Zeitung,  1889,  p.  1602;  Berg-  und  Hiittenmannische  Zeitung,  1889,  p.  446. 
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With  regard  to  ferruginous  blende,  Jensch1  makes  the  surprising 
statement  that  when  roasted  sweet  the  sulphur  still  present  is  almost 
wholly  combined  with  iron  as  monosulphide.  This  is  contrary  to  the 
general  belief  based  upon  practical  experience  and  the  fact  that  iron 
sulphide  is  more  readily  oxidized  than  zinc  sulphide;  contrary  to  the 
researches  of  Plattner,2  who  found  that,  under  normal  conditions,  the 
iron  was  oxidized  to  ferric  oxide,  and  that,  when  the  temperature  was 
very  high  and  the  access  of  air  limited,  magnetic  oxide  was  readily 
formed ;  and  contrary  to  the  researches  of  Prost,3  who  finds  that  part 
of  the  iron  oxide  formed  combines  with  zinc  oxide  (see  Appendix, 
Part  IV).  The  results  of  Jensch  are,  however,  given  in  full  in 
Table  XIII  to  show  that  it  is  possible  to  roast  dead  an  iron-bearing 
blende  and  leave  part  of  the  iron  in  the  form  of  iron  sulphide.  Unfor- 
tunately, the  details  of  operating  are  not  given. 

TABLE  XIII.  —  Jensch's  Results  of  Roasting  Ferruginous  Blende. 


• 

Upper  Silesia. 

Sweden. 

Erz-Gb- 

BIRGE. 

Styria. 

a. 

i 
b.    |     c. 

a. 

b. 

c. 

a. 

a. 

b. 

II.  Roasted  blende  •  -   ■ 

III.  Leached*      residue 
from  II 

IV.  Sulphur     calculated 
as  in  combination  with  . 

V.  Proportion  of  ...    . 

Zn 
Fe 
Pb 
Mn 

Zn 
Fe 
Pb 
Mn 

Zn 

s 

ZnS 

S  available 

for  iron 

FeS 

Zn 
Fe 

Zn:Fe 

Per 

cent. 

32.64 

5.96 

3.12 

43.60 
8.11 
3.95 

0.42 
1.64 
0.62 

1.44 
3.96 

0.20 
1.44 

1:7 

Per 

cent. 

22.58 

7.12 

3.20 

30.04 

lo.oo 

4.19 

0.30 
1.83 
0.45 

1.68 
4.62 

0.15 
1.68 

1:11 

Per 

cent. 

32.07 

4.66 

2.88 

39.81 
5.73 
3.31 

0,58 
2.02 
0.87 

1.73 
4.74 

0.29 
1.73 

1:6 

Per 
cent. 
31.66 
10.53 

6.88 

35.22 

11.78 

7.24 

0.26 
1.30 
0.39 

1.17 
3.22 

0.13 
1.17 

1:9 

Per 
cent. 
35.92 

8.64 
11.10 

1.30 

40.72 
9.17 

12.04 
1.46 

0.46 
2.40 
1.69 

2.17 
5.97 

0.23 
2.17 

1:10 

Per 

cent. 

32.45 

10.75 

5.38 

0.10 

34.90 

11.62 

5.68 

• 

0.18 
1.06 
0.27 

0.98 
2.69 

0.08 
0.98 

1:12 

Per 

cent. 

44.60 

4.29 

2.50 

51.70 

5.12 

21.86 

0.22 
1.29 
1.33 

1.18 
3.24 

0.11 
1.18 

1:11 

Per 

cent. 

44.95 
0.72 
1.12 

50.10 
0.84 
1.20 

iie 

1.36 
0.99 

ii6 

l:.0 

Per 

cent. 

42.80 

0.97 

0.85 

* 

49.66 
1.16 
0.97 

0.18 
0.68 
0.27 

0.59 
1.02 

0.09 
0.59 

1:6.5 

*  Roasted  blende  (II)  was  leached  with  water  and  ammonium  acetate  to  dissolve  zinc  and  lead  sulphate,  and 
boiled  with  caustic  soda  to  dissolve  zinc  oxide  and  silicate,  leaving  as  residue  zinc,  iron,  and  sulphur. 

The  progressive  desulphurization  in  large-scale  work  is  discussed  in 
detail  by  Ingalls  in  his  "  Metallurgy  of  Zinc  and  Cadmium,"  New  York, 
1903,  pp.  45  et  seg.y  to  which  the  reader  may  be  referred. 


1Zeitschrift  fiir  Angewandte  Chemie,  1894,  p.  50;  Berg-  und  Hiittenmannische  Zeitung, 
1894,  p.  299. 

2  Op.  cit.y  p.  143. 

8  Bulletin  de  1' Association  Beige  des  Chimistes,  X,  p.  246;  through  Ingalls,  Metallurgy 
of  Zinc  and  Cadmium,  New  York,  1903,  p.  32. 
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\l.     Description  of  Blende. 

The  experiments  on  the  formation  of  zinc  sulphate  were  made  with 
blende  from  Joplin,  Missouri,  and  from  Warren,  New  Hampshire ;  some 
work  was  done  with  a  sample  from  New  Mexico.  The  analyses  made 
are  given  in  Table  XIV. 

TABLE  XIV.  —  Analyses  of  Blende. 


Joplin,  Mo. 

Warren,  N.  H. 

New  Mexico. 

Fe 

s 

Pb 

SiOa 

Cd 

Per  cent. 
66.32 

0.45 

32.54 

Not  determined 
Not  determined 

Per  cent. 
53.94 

8.80 

31.37 

3.82 

0.82 

Trace 

Per  cent. 

•  •      ■      • 

13.40 

•  a        •        * 

•  •        •        • 

•  •        •        * 

The  Joplin  blende  was  massive ;  it  had  the  characteristic  brown 
color  and  resinous  luster.  It  was  chosen  on  account  of  its  freedom 
from  gangue  and  iron.  The  mineral  from  Warren,  New  Hampshire, 
was  the  best  representative  of  blende  high  in  iron  that  could  be  obtained 
in  considerable  quantity.  The  sample  was  picked  over  at  the  mine  to 
obtain  the  ore  as  pure  as  possible.  When  crushed  through  an  8-mesh 
sieve  in  the  laboratory,  it  was  again  hand-sorted.  Nevertheless,  some 
lead  remained  behind,  as  shown  by  the  analysis.  The  ore  was  made 
up  of  crystalline  fragments ;  it  had  a  brownish-black  color  and  a  luster 
more  adamantine  than  resinous.  The  blende  from  New  Mexico,  used 
in  a  few  cases  to  see  how  it  differed  in  its  behavior  from  Warren  blende, 
was  a  concentrate.  The  mineral  was  black  and  had  an  adamantine 
luster.     It  was  carefully  picked  over  to  exclude  all  foreign  matter. 


III.     Outline  of  Operations. 

The  temperatures  at  which  different  specimens  of  blende  decrepitate 
and  ignite  are  of  value  in  an  investigation  of  the  mineral ;  hence  these 
were  determined.  The  ore  to  be  given  a  sulphatizing-roast  was  passed 
through  8-  and  40-mesh  sieves;  a  charge  weighed  from  200  to  350  g. ; 
the  roastings  were  carried  on  in  the  gas  muffle-furnace ;  temperature 
and  time  were  varied  with  the  object  of  obtaining  the  maximum  normal 
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sulphate ;  the  temperatures  were  measured  as  in  the  experiments  for 
formation  of  basic  salts  (p  348) ;  and  samples  for  analysis  were  taken 
at  intervals  of  from  0.5  to  1.5  hours.  Four  determinations  were  made 
from  each  sample :  total  zinc,  by  titration  with  potassium  ferrocyanide ; 
total  sulphur,  by  fusion  with  potassium  nitrate  and  precipitation  with 
barium  chloride ;  normal  zinc  sulphate,  by  leaching  with  warm  water 
(eight  decant ations  of  20  cc.  being  sufficient)  and  titration  of  zinc,  as 
in  the  determination  of  total  zinc ;  and  sulphur  in  basic  zinc  sulphate, 
the  method  of  Steinbeck1  being  employed  (covering  of  sample  with 
sodium  bicarbonate,  adding  enough  water  for  solution,  allowing  to  stand 
for  twenty-four  hours  with  occasional  stirring,  filtering,  acidifying,  and 
boiling  filtrate,  and  precipitating  with  barium  chloride).  Beside  the 
regular  sulphatizing-roasts,  special  tests  were  made  with  Joplin  blende 
by  mixing  it  raw  and  dead-roasted  with  pyrite  in  order  to  increase  the 
percentage  of  soluble  sulphate.  In  this  series  all  the  samples  taken 
were  analyzed  for  normal  zinc  sulphate,  and  only  those  showing  a 
maximum  of  soluble  sulphate  were  analyzed  for  total  zinc,  total  sulphur, 
and  sulphur  as  basic  sulphate. 

Attention  has  been  called  by  Prost 2  to  the  probable  existence  of  a 
zinc  ferrate,  ZnFe304,  formed  in  roasting  ferruginous  blende,  which  is 
insoluble  in  dilute  sulphuric  acid,  and  may  be  the  cause  of  the  unsat- 
isfactory results  obtained  by  sulphatizing-roasts.  Several  experiments 
were  made  to  determine  whether  this  compound  existed,  and,  if  this  was 
found  to  be  true,  to  find  the  conditions  that  favored  its  formation. 

IV.     Details  of  Experiments. 

1.  Decrepitation.  —  A  small  quantity  of  medium-size  pieces  was 
picked  from  each  of  the  three  lots  of  blende  and  crushed  to  pass  an 
8-mesh  sieve.  Each  sample  was  then  placed  in  a  large  boat  and  heated 
in  the  electric  retort-furnace,  with  the  junction  of  the  thermo-couple  in 
contact  with  the  ore.  The  neck  of  the  retort  was  kept  open  to  permit 
watching  the  interior.  The  Warren  blende  did  not  decrepitate  at  all. 
The  behavior  of  the  blende  from  Joplin  and  from  New  Mexico  was 
very  similar,  so  they  can  be  discussed  together.     Decrepitation  began 


1 "  Chemisch-Analytische  Untersuchungen  iiber  die  Veranderungen,  welche  der  Mans* 
felder  Kupferstein  bei  der  Rostung  erleidet."     Zeitschrift  fur  Berg-,  Hiitten-,  und  Salinen- 
.  Wesen  in  Preussen,  1863,  XI,  p.  123. 

*  Op.  cit. 
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at  2900  C.  and  lasted  a  few  minutes.  The  temperature  was  then  raised 
io°  at  a  time.  With  every  rise  decrepitation  started  again,  and  did  not 
cease  when  the  ignition-point  had  been  reached.  When  it  had  stopped, 
about  25  per  cent,  of  the  charge  was  very  fine  and  the  rest  medium 
coarse,  but  many  pieces  had  retained  about  their  original  size,  i.  e.f  they 
were  caught  on  a  12-mesh  sieve. 

2.  Ignition-point.  —  Three  or  more  tests  were  made  in  the  electric 
tube-furnace  with  each  sample  to  fix  the  ignition-point.  The  sample 
was  placed  in  a  boat ;  the  mode  of  operating  was  the  same  as  with  the 
beginning  of  decomposition  of  zinc  sulphate.  In  the  preliminary  tests, 
in  which  the  furnace  was  heated  rapidly  to  locate  approximately  the 
point,  the  ignition-temperature  was  found  to  be  about  400  C.  too  high. 
In  the  regular  tests  the  furnace  was  brought  slowly  to  near  the  ignition- 
point,  and  the  temperature  then  raised  at  the  rate  of  a  degree  to  a 
degree  and  a  half  per  minute.  The  tests  on  separate  samples  of  de- 
crepitated Joplin  blende  gave  the  ignition-points  4800,  4790,  and  48  2°, 
.  or  an  average  of  4800  C.  Of  the  Warren  blende,  which  did  not  decrep- 
itate, three  tests  were  made  on  coarse  (through  8-  and  on  1 2-mesh  sieve) 
and  three  on  fine  (through  80-mesh  sieve)  material.  The  tests  on  the 
former  gave  557°,  557°,  and  556°,  or  an  average  of  5570  C.  as  the  igni- 
tion-point; the  latter,  51 8°,  51 30,  and  51 50,  or  5150  C.  as  an  average. 
The  difference  of  420  C.  is,  of  course,  due  to  the  fine  material  being 
more  easily  heated  through  than  the  coarse.  The  blende  from  New 
Mexico  gave  5350,  531°,  and  536°,  or  an  average  of  5340  C.  * 


TABLE  XV,- 

-Ignition-point  of  Blende. 

Source  of  Blbndb. 

Joplin,  Mo. 

Warren,  N.  H. 

New  Mexico. 

Coarse  and  fine 
0.46 
480 

Fine 
8.80 
515 

Coarse  and  fine 

Percentage  of  iron 

Ignition-point,  degrees  centigrade 

13.40 
534 

Table  XV  shows  that  the  ignition  of  ferruginous  blende  lies  higher 
than  when  running  low  in  iron,  and  that,  as  far  as  the  three  samples 
are  concerned,  the  rise  is  nearly  proportional  to  the  iron,  it  being 
4. 1 90  C.  for  an  increase  of  1  per  cent,  of  iron.  If  the  samples  are  to 
be  roasted,  they  have  to  be  brought  to  above  their  ignition-temperatures, 
as  none  of  them  appeared  to  have  been  decomposed.     The  light  Joplin 
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blende  would  have  shown  any  outward  change  more  readily  than  the 
two  dark  samples,  but  it  looked  just  as  bright  and  shiny  as  it  did  before 
it  was  heated.  Something  similar  has  been  more  recently  noticed  by 
Sharwood.1 

3.  Snlphatizing-roast  of  Joplin  Blende.  —  With  the  ignition-point 
of  Joplin  blende  at  4800  C,  it  was  thought  that  a  satisfactory  start  in 
sulphatizing  could  be  made  at  a  temperature  about  2000  higher.  Three 
roasts  were  carried  out  in  the  gas  muffle-furnace  at  690°,  7400,  and 
7900  C,  or  500  C.  below,  at,  and  500  C.  above  the  lowest  temperature 
of  complete  decomposition  of  zinc  sulphate.  The  results  are  given  in 
Tables  XVI  (6900  C),  XVII  (7400  C),  and  XVIII  (7900  C). 

TABLE  XVI.  —  Results  of  Roasting  Joplin  Blende. 

[Analysis  :  Zn,  66.32  ;  S,  32.54  ;  Fe,  0.45  per  cent.    Charge  :  350  g. ;  size,  8-mesh  ;  temperature,  690°  C  ;  time, 

12.5  hours.] 


Sample  taken  after 


Total  zinc 

Total  sulphur  .' 

Zinc  as  normal  sulphate   . 
Sulphur  as  basic  sulphate 


Actu 

1 

hour. 

2 
hours. 

3 
hours. 

4 
hours. 

Per 
cent. 

66.85 

Per 
cent. 

67.67 

Per 

cent. 

68.70 

Per 
cent. 

69.98 

30.35 

28.47 

25.68 

23.71 

0.155 

0.199 

0.206 

0.290 

* 

* 

• 

• 

Per 
cent. 

70.82 
21.52 
0.335 

« 


6.5 
hours. 


8.5 
hours. 


10.5 
hours. 


12.5 
hours. 


Per     '     Per 
cent.        cent. 


71.02 
19.42 
0.409 

• 


7103 
19.03 
0.463 


Per     .     Per 
cent.    |    cent. 

71.55        72.06 


17.48 
0.672 


15.30 
0.638 


0.103 1     0.121 1     0.143 1 


Analyses  Corrected  to  the  Basis  of  66.32  Per  Cent,  of  Zinc. 


Total  sulphur 

Zinc  as  normal  sulphate  .  .  - 
Sulphur  $  as  normal  sulphate  • 
Sulphur  as  basic  sulphate  .  . 
Sulphur}  as  sulphide-sulphur 


30.09 

27.90 

24.73 

22.47 

20.15 

0.154 

0.195 

0.199 

0.274 

0.313 

0.077 

0.098 

0.100 

0.137 

0.156 

• 

• 

• 

• 

• 

30.01 

27.80 

24.63 

22.33 

20.00 

18.1A       17.76      I  16.20 


0.382 
0.191 


0.432    I    0.623 

i 

0.216    '    0.312 


14.08 
0.587 
0.294 


!    0.096 1     0.112 1     0.134t 


17.94       17.29 


15.78        13.65 


*  Ore  leached  with  sodium  acetate  which  did  not  dissolve  any  basic  sulphate ;  no  sample  left  to  repeat  tests 
with  sodium  bicarbonate. 

t  Ore  leached  with  sodium  bicarbonate,  which  decomposed  basic  sulphate. 

X  Calculated. 


With  regard  to  Table  XVI,  the  absence  of  data  for  basic  salt 
during  the  first  6.5  hours  is  due  to  an  error  in  manipulation,  in  that 
the  samples  were  leached  with  sodium  acetate  after  they  had  been 
freed  from  normal  sulphate  with  warm  water;  from  the  remaining 
three  samples  the  basic   salt  was  extracted   by  treating  with  sodium 


1  Engineering  and  Mining  Journal,  June  23,  1904. 
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bicarbonate.     As  the  samples  of  ore  were  used  up  and  the  data  would 
have  no  practical  value,  the  experiment  was  not  repeated. 

The  elimination  of  sulphur  at  this  low  temperature  is  regular,  but 
very  slow,  the  amount  having  fallen  in  12.5  hours  from  32.54  to  14.08 
per  cent.  The  percentage  of  normal  sulphate  increases  gradually  and 
reaches  its  maximum  with  0.623  per  cent.,  while  the  basic  sulphate  is 
still  increasing  at  the  end  of  the  test,  after  12.5  hours. 


TABLE  XVII.  —  Results  of  Roasting  Joplin  Blende. 

{Analysis  :  Zn,  66.32 ;  S,  32.54 ;  Fe,  0.45  per  cent.    Charge :  350  g. ;  size,  8-mesh ;  temperature,  740°  C  ;  time, 

fifteen  hours.] 


Actual  Analyses 

• 

Sample  taken  after   .   . 

1.6 
hours. 

3 

hours. 

4.5 
hours. 

6 
hours. 

7.5 
hours. 

9 
hours. 

10.5 
hours. 

12 
hours. 

13.5 
hours. 

15 
hours. 

Per 
cent. 

Per 
cent. 

Per 
cent. 

Per 
cent. 

Per 
cent. 

Per 
cent. 

Per 
cent. 

Per 
cent. 

Per 
cent. 

Per 
cent. 

Total  zinc 

70.54 

73.08 

74.43 

74.98 

74.87 

74.92 

74.44 

74.49 

74.61 

76.17 

Total  sulphur     .... 

24.79 

17.22 

12.66 

7.75 

6.28 

6.16 

5.70 

4.72 

3.96 

3.47 

Zinc  as  normal  sulphate 

0.108 

0.315 

0.733 

1.23 

1.56 

1.27 

2.13 

2.42 

2.78 

2.35 

Sulphur  as  basic  sul- 

,    0.011 

0.046 

0.159 

0.252 

0.583 

0.777 

0.823 

0.857 

0.867 

0.727 

Analyses  Corrected  to  the  Basis  op  66.32  Per  Cent,  op  Zinc. 


Total  sulphur     .... 

Zinc  as  normal  sulphate 

Sulphur*    as    normal 
sulphate 


Sulphur  as   basic  sul- 
phate     


Sulphur*  as  sulphide- 
sulphur    


23.30 

15.63 

11.42 

6:85 

5.50 

5.45 

5.08 

4.20 

3.53 

0.101 

0.285 

0.662 

1.09 

1.38 

1.10 

1.89 

2.16 

2.48 

0.051 

0.148 

0.331 

0.545 

0.690 

0.550 

0.945 

1.08 

1.24 

0.010 

0.042 

0.144 

0.223 

0.517 

0.687 

0.733 

0.763 

0.770 

23.24 

15.44 

10.94 

6.08 

4.29 

4.21 

3.40 

2.36 

1.52 

3.02 
2.04 

1.02 

0.633 

1.37 


*  Calculated. 


Table  XVII  shows  that,  with  the  higher  temperature  of  7400  C, 
the  decrease  in  total  sulphur  is  more  rapid  than  with  6900  C,  sinking 
to  4.2  per  cent,  after  twelve  hours,  and  to  3.02  per  cent,  after  fifteen 
hours ;  the  fall  is  quicker  at  the  beginning  than  at  the  end ;  the  low 
percentage  of  sulphide-sulphur  at  the  end  of  the  roast  shows  that  the 
blende  has  been  well  decomposed.  On  account  of  the  larger  amount 
of  sulphur  oxidized  the  percentage  of  normal  sulphate  found  is  also 
greater  than  before;  with  the  exception  of  the  time  interval  between 
the  seventh  and  tenth  hour  the  increase  is  regular  and  reaches  a  maxi- 
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mum  after  13.5  hours.  The  basic  salt  forms  less  rapidly  than  the 
normal  salt  and  attains  its  maximum  at  the  same  time  as  the  normal 
salt. 

TABLE  XVIII.  —  Results  of  Roasting  Joplin  Blende. 

[Analysis :  Zn,  66.32 ;  S,  32.54 ;  Fe,  0.45  per  cent.    Charge  ,  350  g. ;  sire,  8-mesh ;  temperature,  790°  C. ;  time, 

seven  hours.] 


Sample  taken  after 


Total  zinc 

Total  sulphur 

Zinc  as  normal  sulphate 
Sulphur  as  basic  sulphate 


Actual  Analyses. 


1  hour. 


Per  cent. 
66.90 

27.27 

0.049 

0.012 


2.5  hours. 


4  hours. 


Per  cent. 
75.82 

10.49 

0.170 

0.033 


Per  cent. 
76.07 

3.10 


5.5  hoars. 


Per  cent. 
76.10 

2.16 

1.38 

0.760 


7  hoars. 


Per  cent. 
77.20 

1.16 

0.93 

0.480 


Analyses  Corrected  to  thk  Basis  op  66.32  Per  Cent.  Zinc. 


Total  sulphur 

Zinc  as  normal  sulphate    .   • 
Sulphur*  as  normal  sulphate 
Sulphur  as  basic  sulphate 
Sulphur*  as  sulphide-sulphur 


25.28 

9.17 

2.70 

1.88 

0.047 

0.152 

.   .   . 

1.20 

0.024 

0.076 

.   .   . 

0.60 

0.011 

0.029 

.   .   . 

0.66 

25.24 

9.06 

.   .   . 

0.62 

0.997 

0.799 

0.40 

0.41 

0.19 


*  Calculated. 


Table  XVIII  shows. that,  with  a  temperature  of  7900  C,  the  roast 
could  be  stopped*  after  seven  hours,  the  total  sulphur  having  fallen  to 
0.997  per  cent,  and  the  sulphide-sulphur  to  0.19  per  cent.  As  the  roast 
was  carried  on  above  the  temperature  at  which  the  normal  sulphate  is 
completely  decomposed,  the  maximum  soluble  sulphate  is  reached  early 
and  the  total  is  smaller  than  in  the  preceding  test.  That  the  basic 
sulphate  should  follow  a  similar  path  was  to  be  expected. 

A  difficulty  encountered  in  leaching  some  of  the  samples  which  were 
afterward  discarded  may  be  mentioned.  They  were  treated  for  a  long 
time  with  hot  water,  the  waters  remaining  in  contact  with  the  ore  for 
several  hours  before  they  were  decanted ;  the  dissolved  zinc  was  deter- 
mined in  the  decantations  obtained  in  twenty-four  hours.  After  leaching 
five  days  in  this  manner  without  removing  all  the  soluble  zinc,  the  ore 
was  boiled  for  thirty-six  hours,  with  occasional  decantations,  and  still 
some  zinc  salt  went  into  solution.  The  explanation  is  found  in  the  fact 
that  basic  sulphates  are  slightly  soluble  in  hot  and  boiling  water.1 


1  Vogel,  Journal  fur  Chemie  und  Physik,  edited  by  J.  S.  C.  Schweigger,  1814,  XI,  p.  416k 
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Fig.  5.  —  The  Roasting  of  Elende  from   Joplin,  Mo. 
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Comparing  the  three  roasts  as  plotted  in  Figure  5,  it  is  seen  that 
the  elimination  of  total  sulphur  increases  with  the  temperature,  while  the 
time  required  decreases.  The  curves  for  sulphide-sulphur  (or  undecom- 
posed  blende)  keep  close  to  the  curves  for  total  sulphur,  remaining,  of 
course,  below  them.  The  narrow  space  between  a  pair  of  lines  shows 
how  small  is  the  quantity  of  sulphate  formed.  The  largest  amount  of 
normal  zinc  sulphate  readily  soluble  in  water  is  obtained  at  7400  C. ; 
leaving  out  the  jog  in  the  curve  at  the  ninth  hour,  the  progress  is  quite 
regular  until  the  maximum  is  reached,  but  even  at  best  the  total  of 
normal  zinc  sulphate  is  extremely  small.  Basic  salts,  practically  insolu- 
ble in  water,  keep  an  even  pace  with  the  normal  salt,  more  so  with  high 
(7900  C.)  and  low  (6900  C.)  temperatures  than  under  the  favorable 
conditions  of  7400  C. 

4.  Sulphatizing-roast  of  Warren  Blende,  —  The  blende  from 
Warren,  New  Hampshire,  contains  3.82  per  cent,  of  lead.  Part  of 
the  galena  is  so  finely  disseminated  through  the  blende  that  it  is  im- 
possible to  remove  it  by  picking,  even  when  using  a  magnifying  glass. 
The  presence  of  4.41  per  cent,  of  galena  complicates  matters.  It  is 
known  that  in  roasting  galena  slowly  at  a  low  temperature  more  sul- 
phate is  formed  than  in  roasting  quickly  at  a  high  temperature ; 1  hence, 
as  far  as  the  galena  is  concerned,  the  latter  is  preferable.  As  6900  C, 
with  easy-roasting  blende,  had  given  a  very  small  percentage  of  soluble 
zinc  sulphate,  7900  and  9000  C.  were  chosen  as  roasting  temperatures. 
The  amount  of  lead  sulphate  formed  is  liable  to  be  increased 2  by  the 
sulphur  trioxide  set  free  in  roasting  the  blende.  Assuming  a  quick 
roast  to  take  place  according  to  the  formula 

3  PbS  +  10  O  =  2  PbO  +  PbS04  +  2  S02, 

it  is  fair  to  suppose  that  the  proportion  of  PbO  :  PbS04  will  be  as 
1  :  1  at  7900  C.  and  slightly  less  at  9000  C.  The  results  obtained  in 
the  two  roasts  are  given  in  Tables  XIX  (790°  C.)  and  XX  (9000  C), 
and  graphically  represented  in  Figure  6. 

A  study  of  the  data  in  Table  XIX  shows  that  the  elimination  of 
total  sulphur  is  regular,  z.  e ,  quick  at  the  beginning  and  slow  later 
on,  but  unsatisfactory,  as  after  fifteen  hours  it  has  been  reduced  to  only 
5.61  per  cent.  The  percentage  of  normal  zinc  sulphate  formed  rises 
very  quickly,  reaches  a  maximum  after  7.5  hours,  and  then  falls  very 


1Hofman,  Metallurgy  of  Lead,  New  York,  1899,  p.  12. 

2Plattner,  Die  Metallurgischen  Rostprocesse,  Freiberg,  1856,  p.  45. 
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gradually.  The  percentages  of  normal  and  basic  sulphate-sulphur 
apparently  keep  an  even  pace,  showing  that  under  favorable  conditions 
for  normal  sulphate  basic  sulphate  forms  in  considerable  amounts.  This 
explains  the  necessity  for  acid-treatment  in  the  Harz  Mountains  after 
leaching  with  water. 

TABLE  XIX.  —  Results  of  Roasting  Warren  Blende. 

t Analysis:  Zn,  53.94;  S,  31.37;  Fe,  8.80;  Pb,  3.82;   SiO„  0,81  per  cent.;  Cd,  trace.    Charge:  300  g. ;  size, 

8-mesh ;  temperature,  790°  C. ;  time,  fifteen  hours.] 


Sample  taken  after 


Total  zinc 

Total  sulphur  ... 
Zinc  as  normal  sulphate 
Sulphur  as  basic   sul- 


ipnui 
>hate 


Actual  Analyses. 


Per 
cent. 

56.15 

12.58 

3.76 

1.41 


4.5 
hours. 

6 
hours. 

7.5 
hours. 

Per 
cent. 

Per 
cent. 

Per 
cent. 

56.36 

56.28 

55.97 

10.70 

10.07 

9.75 

4.41 

5.06 

5.08 

1.66 

1.75 

1.76 

Per 
cent. 

55.82 
8.66 
4.74 

1.55 


13.5  15 

hours,     hours. 


1     Per 

Per 

Per 

|    cent. 

cent. 

cent. 

55.71 

55.09 

55.37 

7.93 

6.65 

6.42 

4.68 

4.37 

4.21 

1.49 

1.51 

1.49 

Per 
cent. 

55.24 
5.96 
3.95 

1.49 


Analyses  Corrected  to  the  Basis  op  53.94  Per  Cent.  Zinc. 


Total  sulphur     .... 

Zinc  as  normal  sulphate 

Sulphur*     as    normal 
sulphate 

Sulphur  as  basic  sul- 
phate      

Sulphur*  as  sulphide- 
sulphur    


18.02 

12.09 

10.31 

9.65 

9.40 

8.37 

7.68 

0.550 

3.61 

4.22 

4.85 

4.89 

4.58 

4.53 

0575 

1.81 

2.11 

2.43 

2.45 

2.29 

2.27 

0.367 

1.35 

1.59 

1.68 

1.69 

1.49 

1.45 

17.34 

8.93 

6.61 

5.54 

5.26 

4.59 

3.96 

6.51 
457 

2.14 

1.48 

2.89 


655 
4.10 


2.05         1.86 


1.46 


2.74 


5.61 
3.72 


1.40 


2.35 


•  Calculated. 


The  results  in  Table  XX  show  that  at  9000  C.  the  percentage  of 
total  sulphur  falls  in  three  hours  from  31.37  to  1.16  per  cent.,  and  is 
reduced  in  six  hours  to  0.48  per  cent.  (=0.16  per  cent,  sulphide- 
sulphur).  The  amount  of  normal  zinc  sulphate  formed  at  this  high 
temperature  must  be  low;  the  insignificant  figure  of  0.228  per  cent, 
forms  the  maximum,  and  is  reached  after  1.5  hours.  The  evil  effect 
of  a  high  temperature  is  seen  by  the  sulphur  of  the  basic  sulphate  being 
always  higher  than  that  of  the  normal  sulphate,  increasing  up  to  the 
third  hour  and  then  diminishing. 
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TABLE  XX. —  Results  of  Roasting  Warren  Blende. 

[Analysis:  Zn,  63.94;  S,  31.37;   Fe,  8.80;    Pb,  3.82;  SiO,,  0.81  per  cent.;  Cd,  trace.    Charge:  300 g.;  size* 

8-mesh  ;  temperature,  900°  C. ;  time,  six  hours.] 


Actual  Analyses. 


Sample  taken  after 


Total  zinc 

Total  sulphur 

Zinc  as  normal  sulphate 
Sulphur  as  basic  sulphate 


0.75  hour. 

1.5  hours. 

3  hours. 

4J5  hours. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

68.06 

60.43 

63.06 

63.96 

19.74 

9.62 

1.37 

0.98 

0.085 

0.255 

0.232 

0.125 

0.266 

i 

0.433 

0.527 

0.450 

6  hours. 

Per  cent. 
64.48 

0.58 

0.082 

0.340 


Analyses  Corrected  to  thb  Basis  of  53.94  Pbr  Cent.  Zinc. 


Total  sulphur 

Zinc  as  normal  sulphate    .   . 
Sulphur  *  as  normal  sulphate 
Sulphur  as  basic  sulphate 
Sulphur  *  as  sulphide-sulphur 


18.35 

> 

8.59 

1.16 

0.83 

0.079 

0.228 

0.196 

0.105 

0.040 

0.114 

0.098 

0.053 

0.248 

0.387 

0.448 

0.380 

18.06 

8.09 

0.61 

0.40 

i 
i 

0.48 

0.068 

0.034 

0.285- 

0.16 


*  Calculated. 


A  comparison  of  the  two  roasts  in  Figure  6  shows  for  7900  C. 
clearly  the  imperfect  elimination  of  total  sulphur  in  fifteen  hours'  roast- 
ing, coupled  with  a  better  formation  of  soluble  zinc  sulphate  than  is  the 
case  with  9000  C.  Lengthening  the  time  of  roasting  to  remove  more 
sulphide-sulphur  is,  unfortunately,  accompanied  by  a  gradual  but  sure 
decomposition  of  the  normal  salt.  This  explains,  perhaps,  why  it  is 
that  in  the  Harz  Mountains  it  has  been  found  necessary  to  roast  an  ore 
repeatedly  at  a  low  temperature  to  obtain  any  commercial  extraction 
whatever;  a  single  prolonged  roast  would  give  unsatisfactory  results. 
At  7900  C.  the  basic  sulphate  curve  is  practically  always  beneath  that 
of  the  normal  sulphate;  with  9000  C.  just  the  reverse  is  the  case. 

Comparing  the  behavior  of  the  Warren  blende  (Figure  6)  with  that 
of  the  Joplin  blende  (Figure  5),  it  is  seen  that  in  regard  to  the  elimi- 
nation of  total  sulphur,  the  behavior  of  Warren  blende  at  7900  C. 
corresponds  quite  closely  to  that  of  Joplin  blende  at  7400  C. ;  a  resem- 
blance is  also  to  be  found  between  Warren  blende  at  9000  C.  and  Joplin 
blende  at  7900  C.  In  other  words,  the  ferruginous  blende  gives  up  its 
sulphur  less  easily  than  the  blende  that  runs  low  in  iron.  It  may  be 
that  the  geological  age  of  the  formation,  as  suggested  by  Jensch,1  also 


1  Loc.  cit. 
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has  something  to  do  with  it,  as  Warren  blende  occurs  in  quartz-veins 
in  Archaean  gneiss,  while  Joplin  blende  is  found  in  Carboniferous  lime- 
stone. The  irony  blende  under  suitable  conditions  furnishes  more 
soluble  zinc  sulphate  than  blende  low  in  iron,  and  the  formation  extends 
over  a  longer  roasting  period.  This  is  to  be  expected,  considering  that 
iron  sulphide  is  converted  into  normal  ferrous  sulphate,  which  at  5900  C. 
begins  to  be  changed  into  ferric  oxide,  passing  through  stages  of  basic 
sulphate  decomposed  only  at  a  higher  temperature,  all  of  which  give 
off  sulphur  trioxide,  which  has  an  oxidizing  effect  upon  zinc  sulphide 
and  a  sulphatizing  effect  upon  zinc  oxide.  The  sulphatizing  effect  of 
basic  iron  sulphate  is  brought  out  also  by  the  quick  rate  of  decompo- 
sition of  the  soluble  zinc  sulphate  with  the  Joplin  blende  when  the 
maximum  has  been  reached,  in  comparison  with  the  blende  from  Warren. 
In  agreement  with  the  larger  amount  of  normal  zinc  sulphate  formed 
with  blende  rich  in  iron  stands  the  fact  that  it  forms  more  basic  zinc 
sulphate  than  blende  low  in  iron. 

5.  Sulphatising-roast  with  Addition  of  Pyrite.  —  Starting  with 
the  fact  proved  by  the  preceding  tests,  that  a  ferruginous  blende  gave 
more  soluble  zinc  sulphate  than  blende  low  in  iron,  it  was  thought  that 
an  addition  of  pyrite  to  Joplin  blende  might  greatly  improve  matters, 
and  furnish  a  satisfactory  percentage  of  normal  sulphate.  Thus  a  con- 
centrate of  galena,  blende,  and  pyrite,  when  subjected  to  a  sulphatizing- 
roast,  might  furnish,  after  leaching  with  water,  a  desirable  smelting  ore 
of  lead.  Two  tests  were  carried  out,  one  with  raw  blende,  the  other 
with  dead-roasted  blende,  to  study  the  sulphatizing  effect  of  pyrite  under 
two  opposite  conditions.  It  was  hoped  that  by  furnishing  to  the  sul- 
phur trioxide  a  large  quantity  of  zinc  oxide  on  which  it  could  act,  a 
considerable  quantity  of  soluble  sulphate  would  be  formed,  as  sulphur 
trioxide  acts  more  strongly  upon  zinc  oxide  than  upon  zinc  sulphide. 
The  pyrite  used  came  from  the  Davis  mine  in  western  Massachusetts. 
It  was  very  pure,  the  analysis  giving  52.95  per  cent,  of  sulphur,  or 
only  0.44  per  cent,  less  than  that  required  by  the  formula.  In  con- 
sidering the  quantity  of  pyrite  to  be  added  to  the  blende,  the  plan  was 
to  have  twice  the  amount  required  by  theory,  /.  e.y  two  parts  of  sulphur 
to  one  part  of  zinc,  or  120  g.  pyrite  for  100  g.  blende  and  for  83.8  g. 
zinc  oxide.  It  was  expected  that  one  atom  of  sulphur  of  the  pyrite 
starting  to  burn  below  the  ignition-point  of  the  blende  would  have 
practically  no  sulphatizing  effect,  but  that  the  remaining  monosulphide 
would  accomplish  the  desired  result.  The  temperatures  chosen  were 
7900  and  6500  C,  i.e.,  above  and  below  7400  C,  the  temperature  at 


The  Decomposition  and  Formation  of  Zinc  Sulphate, 


37* 


which  Joplin  blende  had  given  the  maximum  of  soluble  salt.  Heating 
at  7900  C,  when  zinc  sulphate  is  rapidly  decomposed,  would  show  how 
much  the  sulphatizing  effect  of  pyrite  could  counteract  this  tendency ; 
while  the  temperature  of  6500  C,  high  enough  to  decompose  ferrous 
sulphate  rapidly  but  zinc  sulphate  only  very  slowly,  would  show  whether 
with  very  incomplete  desulphurization  of  blende  the  oxidized  part  would 
be  sulphatized  by  the  pyrite.  The  results  are  recorded  in  Tables  XXI, 
XXII,  and  XXIII. 

The  data  in  Table  XXI  were  obtained  by  roasting  a  mixture  of 
blende  and  pyrite  ground  to  8-mesh  size,  the  temperature  being  raised 
very  slowly  in  order  to  avoid  mechanical  loss  by  decrepitation  and  to 
permit  control  of  temperature  when  the  pyrite  began  to  burn.  This 
occurred  at  about  5000  C.  The  temperature  rose  in  half  an  hour  to 
7900  C,  when  the  gas  was  shut  off;  it  remained  constant  for  several 
minutes  and  then  began  to  fall,  necessitating  the  turning  on  of  the  gas. 
With  the  ignition  of  the  pyrite  dense  white  fumes  arose  and  continued 
for  half  an  hour,  when  the  pyrite  ceased  to  glow.  The  first  sample  was 
taken  half  an  hour  after  the  ore  had  reached  7900  C. ;  the  others  as 
shown  in  the  headings.  The  results  in  Table  XXI  show  a  steady 
increase  of  soluble  zinc  sulphate,  but  after  6.5  hours  the  total  had 
reached  only  2.15  per  cent,  corrected  weight;  it  could  not  have  risen 
much  higher,  as  the  total  sulphur  had  been  reduced  to  5-66  per  cent.; 
hence  the  roast  was  not  carried  any  farther.  The  total  amount  of  sul- 
phate, however,  is  twice  as  large  as  when  the  raw  blende  was  roasted 
alone  at  7900  C,  and  that  of  basic  sulphate  very  much  lower;  both 
facts  show  that  the  addition  of  pyrite  has  a  beneficent  effect. 


TABLE  XXI.  —  Results  of  Roasting  Joplin  Blende  and  Pyrite. 

[Charge :  100  g.  Joplin  blende  and  120  g.  Davis  pyrite ;  temperature,  790°  C. ;  time,  6.5  hours.     Calculated 

analysis  :  Zn,  30.14  y  S,  43.68 ;  Fe,  25.43  per  cent.] 

SIZE  OF  ORE,  8-MESH. 


Sample  taken  after 


0.5  hour. 


Zinc  as  normal  sulphate 


Per  cent. 
0.42 


2  hours. 


Per  cent. 
1.00 


3.5  hours. 


5  hours. 


6.5  hours. 


Per  cent. 
2.19 


Per  cent. 
2.33 


Per  cent. 
2.70 


Analysis  of  Orb  at  Maximum  Normal  Sulphate. 


Actual 


Corrected  to  30.14  per 
cent,  of  zinc    ... 


Zinc. 

Sulphur. 

Per  cent. 
37.83 

30.14 

Per  cent. 
4.59 

3.66 

Zinc  as  nor- 
mal sulphate. 


Per  cent. 
2.70 

2.15 


Sulphur  as 
normal  sul- 
phate. 


Percent. 
1.35 

1.08 


Sulphur  as 
basic  sulphate. 


Per  cent. 
0.831 

0.663 


Sulphur  as 
sulphide-sul- 
phur. 


Per  cent. 
2.41 

1.92 
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SIZE  OF 

ORE,  40-MESI). 

Sample  taken  after 

0.5  hour. 

2  hours. 

3.5  hours. 

5  hours. 

6J>  hours. 

Per  cent. 
1.32 

Per  cent. 
3.27 

Per  cent. 
3.18 

Per  cent. 
2.75 

Per  cent. 
1.79 

Analysis  of  Orb  at  Maximum  Normal  Sulphate. 


Actual 


Corrected   to  30.14  per 
cent,  of  zinc 


•      •      • 


Zinc. 

Sulphur. 

Per  cent. 
39.92 

30.14 

Per  cent. 
2.85 

2.15 

Zinc  as  nor- 
mal sulphate. 


Per  cent. 
3.27 

2.47 


Sulphur  as 
normal  sul- 
phate. 


Per  cent. 
1.64 

1.24 


Sulphur  as 
basicsulphate. 


Per  cent. 
0.868 

0.657 


Sulphur  as 

sulphate-sul- 

phur. 


Percent. 
034 

0.25 


The  second  set  of  results  in  Table  XXI  was  obtained  by  roasting 
a  mixture  of  blende  and  pyrite  ground  to  pass  a  40-mesh  screen,  the 
other  conditions  being  exactly  the  same  as  in  the  first  set  of  experi- 
ments. This  fine  grinding  was  made  in  order  to  have  a  finer  material 
and  a  more  intimate  contact  between  particles  than  was  possible  with 
the  previous  charge  of  8-mesh  grains.  The  effect  is  striking  in  that  the 
maximum  normal  sulphate,  only  slightly  higher  than  with  the  coarser 
material  (2.47  per  cent,  versus  2.15  per  cent.),  is  reached  after  two 
hours,  and  that  the  total  sulphur  at  the  same  time  reduced  to  a  lower 
figure  (3.66  per  cent,  versus  2.15  per  cent.).  The  ratios  of  sulphur  as 
basic  sulphate  to  sulphur  as  normal  sulphate  of  the  8-mesh  and  40-mesh 
samples  at  maximum  normal  sulphate  do  not  differ  much,  viz.,  0.663  : 
1.08  =  0.61  for  the  coarse,  and  0.657  :  1.24  =  0.53  for  the  fine;  they 
are,  however,  about  one-half  of  that  obtained  when  the  8-mesh  blende  is 
roasted  by  itself,  and  show  that  in  the  latter  case  much  more  basic 
sulphate  is  formed  than  in  the  former. 

The  data  in  Table  XXII  were  obtained  from  a  charge  of  100  g. 
Joplin  blende  roasted  dead  in  two  hours  at  9500  C,  the  sulphur  being 
reduced  to  0.085  per  cent.  The  roasted  ore  was  cooled,  the  theoretical 
quantity  (83.8  g.)  weighed  out  and  mixed  with  pyrite  of  8-mesh  size. 
The  percentage  of  normal  sulphate  increased  with  the  time  of  roasting. 
It  reached,  however,  only  2.50  per  cent,  after  three  hours,  when  further 
heating  was  stopped.  It  could  not  have  gone  much  higher  by  pro- 
longing the  heating,  as  the  total  sulphur  had  already  been  reduced  to 
2.13  per  cent. 


J 
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TABLE  XXII.  —  Results  of  Roasting  Dead-roasted  Blende  and  Pyrite. 

t Charge :  83.8  g.  dead-roasted  Joplin  blende  and  120  g.  Davis  pyrite  ;  temperature,  660°  C. ;  time,  three  hours. 

Calculated  analysis :  Zn,  32.54 ;  S,  31.18 ;  Fe,  27.43  per  cent.] 

SIZE  OF  ORE,  8-MESH. 


Sample  taken  after 


Zinc  as  normal  sulphate 


1  hour. 


Per  cent. 
1.50 


2  hours. 


3  hours. 


Per  cent. 
2.48 


Per  cent. 
3.12 


Analysis  ok  Okb  at  Maximum  Normal  Sulphate. 


Actual 


•Corrected  to  32.54  per 
cent,  of  zinc    .... 


Zinc. 


Per  cent. 
40.70 

32.54 


Sulphur. 


Per  cent. 
2.67 

2.13 


Zinc  as  nor- 
mal sulphate. 


Sulphur  as 
normal  sul- 
phate. 


Per  cent. 
3.12 

2.50 


Per  cent. 
1.56 

1.25 


Sulphur  as 
basic  sulphate. 


Sulphur  as 
sulphide-sul- 
phur. 


Per  cent. 
0.387 

0.308 


Per  cent. 
0.72 

0.57 


SIZE  OF  ORE,  40-MESH. 

1 
1  hour. 

i 

2  hours. 

3  hours. 

Per  cent.         ! 
5.82              | 

Per  cent. 
6.04 

Per  cent. 
5.50 

Analysis  of  Ork  at  Maximum  Normal  Sulphate. 


Actual 


Corrected  to  32.54  per 
cent,  of  zinc    .... 


Zinc. 

Sulphur. 

Per  cent. 
37.97 

32.54 

Per  cent. 
4.16 

3.57 

Zinc  as  nor- 
mal sulphate. 

Per  cent. 
6.04 

5.18 


Sulphur  as 
normal  sul- 
phate. 

Percent.  _ 
3.02 

2.50 


Sulphur  as 
basic  sulphate. 

Per  cent. 
1.06 

0.906 


Sulphur  as 
sulphide-sul- 
phur. 


Per  cent. 
0.08 

0.07 


The  conditions  in  this  roast,  given  in  the  lower  part  of  Table  XXII, 
were  the  same  as  those  in  the  upper  part,  excepting  that  the  dead- 
roasted  blende  and  pyrite  had  been  crushed  together  to  pass  a  40-mesh 
sieve.  The  effect  of  fineness  of  ore  and  consequent  intimate  contact 
of  particles  is  as  apparent  here  as  it  was  with  raw  blende  and  pyrite  in 
Table  XXI.  The  maximum  of  soluble  zinc  sulphate,  5.18  per  cent.,  is 
reached  after  two  hours  with  the  total  sulphur  reduced  to  3.57  per  cent, 
and  the  sulphide-sulphur  to  0.07  per  cent.  It  is  a  great  deal  higher 
than  with  the  8-mesh  mixture  of  Table  XXII ;  with  that  some  iron 
sulphide  must  have  remained  undecomposed,  as  the  corrected  analysis 
shows  0.57  per  cent,  of  sulphur.  The  ratios  of  sulphur  as  basic  sul- 
phate to  sulphur  as  normal  sulphate  (0.25  for  8-mesh,  and  0.35  for 
40-mesh  mixture)  are  lower  than  those  of  7900  C,  or  a  smaller  amount 
of  basic  sulphate  is  formed  at  a  lower  temperature.     The  normal  as 
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well  as  the  basic  zinc  sulphate  found  in  these  tests  contains  a  trace  of 
iron  sulphate. 

In  order  to  obtain  another  means  of  comparison  for  raw  blende  and 
roasted  blende  mixed  with  pyrite,  a  test  was  made  with  a  40-mesh 
mixture  of  raw  blende  and  pyrite  at  650°  C.  The  total  sulphur  would 
not,  of  course,  be  reduced  to  a  low  figure;  that  which  was  set  free 
might,  nevertheless,  have  a  strongly  sulphatizing  effect.  The  maximum 
soluble  sulphate  was  obtained  after  8.25  hours,  4.13  per  cent,  by  actual, 
and  3.49  per  cent,  by  corrected,  analysis.  The  results  of  this  experi- 
ment are  given  in  Table  XXIII.  This  is  the  second  highest  figure 
obtained  in  the  sulphatizing  tests  with  blende-  and  pyrite-mixtures, 
although  the  total  sulphur  has  been  reduced  only  to  13.8  per  cent,  and 
the  sulphide-sulphur  to  12  per  cent.  The  sulphide-sulphur  will  have 
been,  in  all  probability,  in  combination  with  zinc. 


TABLE  XXIII.  —  Results  of  Roasting  Blende  and  Pyrite. 

[Charge:  100  g.  Joplin  blende  and  120  g.  Davis  pyrite;  temperature,  650°  C. ;  time,  12.75  hours.    Calculated 

analysis :  Zn,  30.14  ;  S,  43.63  ;  Fe,  25.43  per  cent.] 

SIZE  OF  ORE,  40-MESH. 


Sample  taken  after 

0.75 
hour. 

Per 
cent. 

0.68 

2.25 
hours. 

3.75 
hours. 

5.25 
hours. 

6.75 
hours. 

8.25 
hours. 

9.75 
hours. 

11.25 
hours. 

12.75 
hours. 

Zinc  as  normal  sulphate   .    .    . 

Per 
cent. 

1.93 

Per 
cent. 

3.04 

Per 
cent. 

3.30 

Per 
cent. 

3.65 

Per 
cent. 

4.13 

Per 
cent. 

4.U 

Per 
cent. 

4.10 

Per 
cent. 

4  06 

Analysis  op  Orb  at  Maximum  Normal  Sulphate. 


Actual 


Correctea   to  30.14  per 
cent.  Zn 


Zinc. 

Sulphur. 

Per  cent. 
35.68 

30.14 

Per  cent. 
16.34 

13.80 

Zinc  as  nor- 
mal sulphate. 


Per  cent. 
4.13 

3.49 


Sulphur  as 
normal  sul- 
phate. 


Per  cent. 
2.07 

1.75 


Sulphur  as 
basic  sulphate. 


Per  cent. 
0.05 

0.04 


Sulphur  as 
sulphide-sul- 
phur. 


Per  cent. 
14.82 

12.00 


The  ratio  of  sulphur  as  basic  sulphate  to  sulphur  as  normal  sulphate 
is  0.026;  that  of  the  two  preceding  tests,  0.25  and  0.35.  The  enor- 
mous decrease  is  probably  due  to  the  complete  decomposition  of  basic 
iron  sulphates  in  the  8.25  hours,  while  the  three  hours  of  the  other 
two  roasts  were  not  sufficient  for  this  purpose ;  in  none  of  the  samples 
taken  after  3.75  hours'  roasting  could  any  dissolved  iron  be  detected. 
Between  8.25  and  12.75  hours'  roasting  very  little  soluble  zinc  sulphate 
is  decomposed,  the  difference,  4. 1 3  —  4.06,  being  only  0.07  per  cent. 

It  ought  to  be  stated  that  in  all  the  roasts  carried  out  at  650°  C. 
the  charge  showed  a  tendency  to  rise  above  the  given  temperature  as 
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long  as  pyrite  was  burning  freely.  Whenever  the  pyrometer  indicated 
a  rise  to  the  danger  point,  the  tray  was  removed  from  the  muffle  and 
allowed  to  cool  to  the  desired  degree  of  heat.  After  pyrite  had  ceased 
to  burn,  the  temperature  showed  no  tendency  to  rise  above  6500  C. 

6.  Summary  of  Sulphatizing-roasts.  —  In  order  to  bring  together 
the  leading  features  of  the  results  obtained  in  the  sulphatizing-roasts, 
the  main  points  have  been  assembled  in  Table  XXIV.  The  conclusions 
arrived  at  are  :  — 


TABLE  XXIV. 


Summary  of  Sulphatizing-roasts  of  Blende  with  and 
without  the  addition  of  pyrite. 


Analysis  of  ore 


Weight  of  roasting  charge,  grams 
Size  of  ore,  mesh  to  linear  inch 

Temperature  of  roast,  °C 

Time  of  roast,  hours 


Kind  of  Orb. 


Maximum    normal    zinc    sulphate, 
after  hours 

Weight  of  leaching  sample,  grams  . 

Maximum  normal  zinc  sulphate,  per 
cent 

Maximum  basic  zinc  sulphate,  after 
hours 


At  maximum 
normal  sul- 
phate. 


At  maximum 
basic  sul- 
phate. 


Sulphur  as  normal 
sulphate, per  cent. 

Sulphur  as  sul- 
phiae-sulphur,  per 
cent. 

'Sulphur  as  basic 
sulphate, per  cent. 

Sulphur  as  sul- 
phide-sulphur, per 
cent. 

Sulphur  as  normal 
sulphate,  per  cent. 

Sulphur  as  basic 
sulphate, per  cent. 

Sulphur  as  sul- 
phide-sulphur, per 
cent. 

Sulphur,  total,  per 
cent. 


Zinc  extracted,  at  maximum  normal 
sulphate,  per  cent,  on  zinc  in  ore  ■ 


At  end  of 
roast. 


Joplin  blende. 


Zn,  06.3! 
S,  32.54' 
Fe,   0. 


350 
8 

690 
12.5 

10.5 

10 
and  3 

0.623 


0.312 


15.74 


I 


2.94 
0.134 

13.65 
14.08 

0.94 


350 

8 
740 

15 


2.48 

13.5 

1.24 

1.52 

0.77 

1.52 

1.02 
0.633 

1.37 
3.02 

3.74 


350 

8 

790 

7 


13.5      5.5 
10 


10 

1.20 

5.5 

0.60 

0.62 

0.66 

0.62 

0.40 
0.41 

0.19 
0597 

1.81 


Warren 
blende. 


Zn,  53.94% 

S,  31.37% 

Fe,   8.80% 

Pb,  3.82% 


300 

8 
790 

15 

7.5 
10 

4.89 

7.5 

2.45 

5.26 

1.69  § 

5.26 

1.86 
1.40 

2.35 
5.61 


300 

8 
900 

6 

2.25 
10 

0.228 

3.75 

0.114 

8.09 

0.45§ 

0.61 

0.034 
2.85 

0.16 
0.48 


Raw  Joplin 

blende  and 

Davis 

pyrite.* 


Zn,  30.14% 

S,  43.68% 

Fe,  25.43% 


9.07     4.23 


220 
8 

790 
6.75  X 

6.75 
3 

2.47 

§ 
1.08 
1.92 

I 


220 

40 

790 

6.75 

2.25 
3 

2.47 

§ 

1.24 

0.25 


Roasted  Jop- 
lin blende 
and  Davis 
pyrite.t 


Zn,32.54« 

S,  31.18% 
Fe,27.43<f 


203 

8 
650 

3 

3 
3 

2.50 


1.25 

* 

0.57 
§ 


203 
40 

650 
3 

2 
3 

5.18 

§ 

2.59 

0.07 


§ 


Not  determined 


7.99 


8.19 


7.68 


15.92 


Raw  Joplin 
blende  and 
Davis 
pyrite.* 


Zn,  30.14* 

S  ,43.684c 
Fe,  25.4 


220 

40 

650 

12.75 

755 
3 

3.49 


1.75 
12.00 

§ 
§ 


•      ■      • 


11.58 


*  Raw  Joplin  blende,  100  g. ;  Davis  pyrite,  120  g.  X  Roast  not  carried  to  maximum  soluble  sulphate, 

t  Roasted  Joplin  blende,  83.8  g. ;  Davis  pyrite,  120  g.        §  Maximum  not  reached. 
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i.  The  amount  of  normal  zinc  sulphate  soluble  in  hot  water 
obtained  in  the  tests  is  very  small.  Based  upon  ioo  parts  of  zinc  in 
the  charge,  it  reaches  9.07  per  cent,  with  raw  blende  and  15.92  per 
cent,  with  dead-roasted  mixed  with  a  large  excess  of  pure  pyrite.  Both 
extractions  are  too  small  to  be  of  much  practical  value. 

The  fundamental  difficulty  in  obtaining  a  satisfactory  percentage  of 
extraction  lies  in  two  facts :  normal  zinc  sulphate  is  rapidly  decomposed 
at  the  temperature  for  roasting  blende ;  at  the  beginning  of  a  roast 
sulphur  dioxide  strongly  predominates  over  sulphur  trioxide.  In  the 
process  carried  out  in  the  Harz  Mountains,  the  ore  is  roasted  very 
slowly  in  heaps  which  have  to  be  turned  three  times ;  the  first  heap  of 
500  tons  of  ore  burns  from  six  to  seven  months,  the  second  fire  lasts 
from  six  to  eight  weeks,  and  the  third  from  four  to  six  weeks.  Normal 
and  basic  sulphates  are  formed  mainly  in  the  fines,  /.  e.,  in  the  relatively 
cool  cover,  and  these  alone  are  leached  with  water  and  sulphuric  acid. 
The  probable  explanation  for.  the  formation  of  these  sulphates  is  that 
zinc  sulphate  formed  toward  the  hotter  centre  of  a  heap  is  decomposed, 
and  the  sulphur  trioxide,  dioxide,  and  oxygen  rising  attack  the  fines  in 
the  cool  cover  and  form  normal  and  basic  salts,  or  normal  salts  alone 
which  are  decomposed  in  part  when  the  heat  creeps  up  toward  the  end 
of  the  roast. 

2.  The  ratio  of  sulphur  as  basic  sulphate  to  sulphur  as  normal 
sulphate  increases  with  the  temperature. 

3.  Ferruginous  (Warren)  blende  is  more  difficult  to  roast  than 
blende  running  low  in  iron  (Joplin),  but  the  former  gives,  under  similar 
conditions  of  treatment,  a  higher  yield  in  normal  sulphate,  owing  to 
the  presence  of  isomorphojus  sulphide,  the  basic  salts  of  which  have 
a  strongly  sulphatizing  effect  when  they  are  decomposed  by  heat. 

Part  IV.     Appendix  :  Formation  of  Zinc  Ferrate. 

It  has  been  proved  that,  in  dead-roasting  ferruginous  blende  under 
normal  conditions,  both  the  iron  and  zinc  sulphides  are  converted  into 
oxides.  If  these  oxides  were  merely  a  mechanical  mixture,  it  ought  to 
be  easy  to  remove  all  the  zinc  oxide  by  a  solvent  which  would  not 
attack  the  iron  oxide ;  but  in  treating  such  ores,  it  has  been  found 
that  a  considerable  proportion  of  the  zinc  remained  in  the  residue. 
Prost1    thinks    that    zinc    oxide   and    ferric   oxide   form   zinc   ferrate, 


1  Bulletin   de   l'Association    Beige   des  Chimistes,   X,  pp.  246-263,   through   Ingalls, 
Metallurgy  of  Zinc  and  Cadmium,  New  York,  1903,  p.  32. 
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ZnFe204,  which  is  not  readily  soluble,  and  Ingalls  also  inclines  to 
this  belief. 

While  this  question  is  not  directly  connected  with  the  subject  in 
hand,  it  seemed  of  interest  to  make  a  few  synthetical  tests  in  order 
to  find  out  whether  such  a  compound  was  formed  or  not.  These  tests 
consisted  in  heating  weighed  quantities  of  zinc  oxide  and  ferrous  sul- 
phate, and  of  zinc  oxide  and  ferric  oxide,  in  a  porcelain  crucible  over 
a  Bunsen  burner,  and  leaching  the  heated  mixture  with  ammonium 
sesquicarbonate.  A  solution  of  this  salt  was  chosen  instead  of  the 
pure  ammonia  liquor,  for  the  reason  that  tests  made  by  me  years  ago1 
had  shown  that  the  sesquicarbonate  was  an  excellent  solvent  for  ignited 
zinc  oxide,  while  pure  ammonia  was  not. 

The  chemically  pure  zinc  oxide  used  for  the  tests  was  found  to 
have  taken  up  carbonic  acid  by  long  standing;  an  analysis  gave  68.48 
per  cent,  of  zinc  instead  of  the  theoretical  80.26  per  cent.  Crystals 
of  green  vitriol  furnished  the  ferrous  sulphate;  the  ferric  oxide  was 
prepared  by  roasting  ferrous  sulphate.  In  order  to  form  ZnFe204,  the 
proportions  of  Zn  ;  Fe  required  are  54  :  93.  The  results  of  the  series 
of  tests  made  are  given  in  Table  XXV. 


table  xxv. 


Results  op  Heating  Zinc  Oxide  with  Ferrous  Sulphate  and 

with  Ferric  Oxide. 


Experiment,  Number 


Proportion  by  weight,  zinc :  iron 

Time  of  heating,  hours 

Time  of  leaching,  hours 

Total  zinc,  leached,  per  cent 

ia)  Total  zinc  in  residue,  per  cent 

(£)  Total  zinc,  per  cent,  of,  required  to  form  ZnFesO« 
Ratio,  a  \b 


1. 

2. 

3. 

64:3 

54:9 

64:27 

1 

1 

2 

2 

2 

2 

98.19 

92.96 

77.86 

1.81 

7.04 

22.16 

3.22 

9.67 

29.00 

0.56 

0.73 

0.76 

54:93 

1 

2 

39.42 

60.68 

100.00 

0.60 


54:93 
0 

«) 

33  05 

60.35 

100.00 

0.60 


54:9 

1 

2 

99.91 

0.09 

9.67 


In  making  up  the  mixtures,  the  quantity  of  zinc  was  kept  constant 
and  that  of  the  iron  varied.  The  time  of  heating  ranged  from  one  to 
two  hours;  one  hour,  however,  was  sufficient  to  produce  the  desired 
result,  as  is  seen  from  tests  Numbers  4  and  5.     Experiments  in  leach- 


1Zeitschrift  fur  Berg-,  Hiitten-,  und  Salinen-Wesen  in  Preussen,   1880,  XXVIII,  pp. 
279  and  28a 
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ing  proved  that  a  time  of  longer  duration  than  two  hours  gave  no 
additional  extraction,  hence  two  hours  was  chosen  as  standard. 

In  experiment  Number  i  the  proportion  by  weight  of  zinc  and  iron 
is  54  to  3.  Of  the  total  zinc  present,  98. 19  per  cent,  was  dissolved  out, 
leaving  1.81  per  cent,  in  the  residue.  If  the  compound  ZnFesC^  had 
been  formed,  3.22  per  cent,  of  zinc,  instead  of  1.8 1  per  cent.,  ought  to 
have  remained  insoluble.  With  the  increase  of  iron  in  the  mixture  the 
quantity  of  zinc  held  back  in  the  residue  also  grows.  In  experiments 
Numbers  4  and  5,  all  the  zinc  ought  to  have  remained  in  the  residue, 
but  39.42  and  39.65  per  cent,  was  leached  out.  In  experiment  Num- 
ber 6,  in  which  zinc  oxide  was  mixed  with  ferric  oxide,  practically  all 
the  zinc  oxide  was  removed  by  ammonium  sesquicarbonate,  or  no 
compound  whatever  was  formed. 

The  tests,  as  far  as  they  have  been  carried,  tend  to  show  that  upon 
heating  zinc  oxide  with  ferrous  sulphate  various  compounds  of  zinc  and 
iron  are  formed,  and  not  a  single  definite  compound  of  the  formula 
ZnFe204.  The  quantity  of  zinc  remaining  insoluble  increases  up  to  a 
certain  point  and  then  again  decreases-.  Synthetical  experiments  with 
zinc  oxide  and  ferrous  sulphate  cannot  truly  represent  the  process  that 
takes  place  in  roasting  ferruginous  blende ;  they  can  only  point  toward 
the  direction  of  the  reactions.  The  whole  question  of  zinc  ferrate  must 
therefore  be  solved  in  a  laboratory  that  is  connected  with  central  works 
treating  blendic  ores  with  different  percentages  of  iron. 

In  dissolving  the  different  samples  of  blende  obtained  in  the  sul- 
phatizing-roasts,  it  was  found  that  roasted  Joplin  blende  dissolved 
readily  in  a  mixture  of  potassium  chlorate  and  nitric  acid,  but  roasted 
Warren  blende  did  not,  but  left  behind  a  black  residue,  which  was  only 
slightly  attacked  by  warm  nitrohydrochloric  acid,  but  dissolved  readily 
when  brought  to  a  boiling  heat. 
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BOOK  REVIEWS. 
Food  Inspection  and  Analysis.1 

In  turning  over  these  pages  one  hardly  knows  which  feeling  is 
uppermost,  that  of  satisfaction  that  at  last  we  have  a  book  dealing 
with  American  conditions  worthy  to  stand  with  the  classic  volumes  of 
Konig  and  Blyth,  or  of  keen  regret  that  those  who  most  need  the 
information  here  given  are  prohibited  by  the  price  from  consulting 
the  scores  of  pages  especially  adapted  to  enlighten  the  consumer  of 
household  supplies. 

The  great  advance  in  scientific  knowledge  in  the  past  fifty  years,  as 
well  as  the  change  both  in  market  conditions  and  in  attitude  of  mind 
of  dealer  and  purchaser,  cannot  be  realized  without  a  comparison  of 
conditions  as  indicated  in  the  three  books  —  the  one  under  review  and 
Hassall's  first  book,  issued  in  1857,  and  the  second,  which  was  our 
authority,  in   1875. 

Today  one  is  inclined  to  believe  that  some  of  the  statements  found 
in  the  earlier  books  were  false.  Certain  it  is  that  neither  calves'  brains 
nor  chalk  have  ever  been  found  in  milk  in  the  laboratories  of  the  Insti- 
tute, although  in  Hassall's  second  book,  1875,  there  is  a  plate  showing 
the  appearance  of  milk  adulterated  with  sheep's  brains. 

In  the  first  volumes  of  the  "American  Chemist,"  1870  to  1875, 
the  few  references  to  adulteration  of  food  were  from  foreign  journals. 
Science  was  still  to  the  average  mind  suggestive  of  cauldrons  in  dark 
caverns  and  necromancy  in  the  factory.  The  sensational  writer  had 
credulous  readers,  and  as  late  as  1880  the  reviewer  was  appealed  to 
by  the  family  of  a  well-known  business  man  who  was  giving  up  his 
esteemed  breakfast  of  buckwheat  cakes  because  of  the  newspaper  story 
that  ordinary  syrup  contained  so  much  tin  that  the  chemist  could 
extract  enough  from  a  quart  to  hang  in  a  ball  around  the  neck  of 
the  bottle,  and  that  the  substance  then  newly  put  upon  the  market, 


1Food  Inspection  and  Analysis.  For  the  Use  of  Public  Analysts,  Health  Officers, 
Sanitary  Chemists,  and  Food  Economists.  By  Albert  E.  Leach,  S.B.,  Analyst  of  the 
Massachusetts  State  Board  of  Health.  New  York:  Wiley,  1904.  144-707  pp.,  ill., 
plates.    $7.50. 
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glucose,   contained   so   much   free   sulphuric   acid   as   to   eat   out   the 
lining  of  the  stomach  in  a  few  weeks. 

In  the  first  general  canvass  made  for  the  State  Board  of  Health  by 
the  reviewer  in  1879,  ft  W2LS  found  that  in  Massachusetts  the  staple 
articles  of  dry  groceries  were  not  then  seriously  affected.  As  the  New 
York  line  was  approached,  cream  of  tartar  and  spices  deteriorated.  A 
fairly  close  watch  upon  the  market  has  been  kept  by  students  in  the 
laboratory  since  that  time  with  the  same  result.  It  has  become  increas- 
ingly difficult  to  find  examples  corresponding  to  the  book  and  newspaper 
accounts. 

The  great  increase  in  canned  and  bottled  goods  has  brought  in  a 
new  element.  Sixty-eight  pages,  nearly  one-eleventh  of  the  whole  book 
under  review,  is  given  to  these  articles.  One  page  of  Hassall,  1875, 
dismisses  li  tinned  vegetables." 

The  proportion  of  space  given  to  the  different  articles  indicates 
the  importance  of  inspection,  in  other  words,  liability  to  adulteration 
or  sophistication.  Seventy-eight  pages  are  given  to  milk ;  fifty-five  to 
cereals,  legumes,  vegetables,  and  fruits;  ninety-four  to  edible  oils  and 
fats.  That  is,  the  space  is  in  proportion  to  the  present  need  of  inves- 
tigation.    In  the  800  pages  one  can  find  nothing  to  leave  out. 

Especially  to  be  commended  is  the  full  bibliography  at  the  end  of 
each  section.  The  cuts  and  descriptions  of  apparatus  will  be  of  the 
greatest  value  to  those  fitting  up  new  laboratories. 

While  from  a  scientific  standpoint  the  book  indicates  a  most 
satisfactory  advance  in  results  of  investigation,  it  is  to  be  especially 
commended  for  its  sane  and  unbiased  point  of  view.  It  is  written  by 
one  who  is  neither  an  alarmist  nor  a  controversialist.  Any  one  may 
go  to  these  pages  with  confidence  that  he  is  finding  plain  facts  as  far 
as  they  are  known  to  the  author. 

If  the  public  will  only  cease  from  following  the  traditions  of  the 
past  and  will  sustain  the  efforts  of  state  and  city  authorities  so  well 
illustrated  in  the  volume  before  us,  there  will  inevitably  result  a  great 
increase  of  health  and  satisfaction  in  life. 

E.  H.  R. 

On  the  analytical  side  the  author  has  covered  in  a  very  satisfactory 
manner  the  broad  and  constantly  enlarging  field  of  methods  for  food 
analysis.  Further,  it  is  clearly  evident  that  the  greater  part  of  the 
procedures  are  given  in  the  light  of  experience  in  the  author's  labora- 
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tory.  They  possess,  therefore,  a  much  greater  value  than  would  attend 
a  mere  compilation,  however  carefully  made. 

Among  the  points  worthy  of  special  commendation  are  the  chapters 
on  microscopical  methods,  together  with  the  excellent  reproductions  of 
photomicrographs  which  accompany  the  text.  The  author  is  to  be  con- 
gratulated upon  using  these  so  freely  rather  than  in  placing  reliance 
mainly  on  drawings.  The  experience  of  the  reviewer  leads  to  the  belief 
that  these  examples  of  the  actual  appearance  of  the  microscopic  field 
will  be  of  much  greater  aid  to  the  novice  than  drawings,  more  or  less 
idealized. 

The  tables  of  reagents  and  the  definitions  of  food  standards  which 
accompany  the  methods  will  be  found  especially  helpful. 

The  free  use  of  references  is  a  most  praiseworthy  feature. 

There  are  naturally  in  a  work  of  such  comprehensive  scope  some 
omissions  and  some  points  on  which  there  would  be  a  difference  of 
opinion.  For  instance,  in  the  estimation  of  pentosans  by  phloroglucinol 
the  use  of  Krober's  factors  should  have  been  recommended  rather  than 
the  older  ones  which  are  given.  The  question  of  the  action  of  diastase 
upon  hemicellulose  is  still  an  open  one.  These  minor  points,  however, 
serve  but  to  bring  out  more  strongly  the  general  excellence  of  the 
work.  The  book  is  one  which  every  analytical  chemist  will  be  glad 
to  have  on  his  shelf  for  frequent  reference,  and  to  the  active  worker 
in  food  analysis  it  will  be  simply  invaluable. 

The  publisher's  work  is  fairly  well  done,  but  the  press  work  is  not 
always  of  the  best.  There  are  a  number  of  typographical  errors,  and 
four  of  them  on  one  page  (255),  some  of  them  being  omissions  in 
important  formulae,  do  not  show  the  careful  proofreading  that  ought 
to  characterize  a  work  of  this  kind. 

There  is  a  very  full  index  and  the  book  is  well  bound. 

A.  G.  W. 


Sampling  and  Estimation  of  Ore.1 

Under  this  title  are  collected  all  the  papers  on  the  above  subject 
which  appeared  during  the  year  1903  in  the  Engineering  and  Mining 
Journal.     The  first  seventy-five  pages  are  devoted  to  the  author's  origi- 


1  The  Sampling  and  Estimation  of  Ore  in  a  Mine.     By  T.  A.  Rickard.     New  York 
Engineering  and  Mining  Journal,  1904.     217  pp.,  ill.,  8vo. 
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nal  article.  In  his  own  words  the  problem  is :  "  The  determination  of 
the  amount  of  ore  in  the  mine,  the  average  value  of  it,  and  the  cost 
of  turning  it  into  money. "  He  attacks  the  subject  both  from  the 
theoretical  and  the  practical  side,  going  into  details  as  to  tools,  correct 
methods  of  procedure,  and  calculation  of  results ;  and  illustrates  by 
numerous  examples  from  actual  experience  the  necessity  of  a  theoretical 
study  of  the  conditions  of  each  mine  under  examination. 

The  value  of  the  original  article  is  still  further  enhanced  by  the  1 24 
pages  of  discussion  which  follow.  In  these  contributions  of  twenty-five 
prominent  mining  engineers  of  experience,  the  author's  ideas  are  dis- 
cussed and  enriched  by  a  large  amount  of  practical  data.  A  noticeable 
feature  is  the  almost  entire  freedom  from  controversy,  which,  unfortu- 
nately, does  sometimes  occur  in  a  discussion  of  this  kind. 

The  last  nineteen  pages  are  used  by  Mr.  Rickard  to  sum  up  the 
additional  data  supplied  by  the  discussion. 

In  reading  this  book  it  struck  the  writer  that  Mr.  Rickard  has, 
perhaps  unconsciously,  applied  one  of  his  principles  of  sampling  to 
book  writing.  For  just  as  he  states  that  many  small  samples  give 
better  results  in  estimating  a  mine  than  one  large  one,  so  it  would 
appear  that  the  subject  has  been  covered  far  better  by  the  combined 
efforts  of  many  men  than  it  could  have  been  by  any  single  man,  no 
matter  how  conversant  with  the  subject  he  might  be.  Of  the  three 
divisions  of  the  subject  —  amount  of  ore,  value  of  it,  and  cost  —  the 
last  is  treated  in  much  less  detail  than  the  first  and  second.  This  is 
natural  since  it  is  impossible  to  give  any  universal  figures  on  costs. 
To  go  into  this  matter  fully  in  all  its  phases  would  require  a  book  in 
itself. 

The  net  results  of  the  work  appear  to  be  twofold.  First,  in  describ- 
ing the  amount  of  ore  more  or  less  exposed  in  a  mine  it  presents  terms 
which  shall  be  clear  alike  to  the  capitalist  and  to  the  mining  man. 
Second,  while  it  teaches  that  one  can  reach  the  goal  of  a  successful 
mine  examiner  only  by  the  path  of  experience,  still  it  so  marks  out 
and  smooths  this  path  that  the  traveler  cannot  go  far  astray. 

Charles  E.  Locke. 
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Experiments  in  General  Chemistry.1 

The  authors  have  designed  this  series  of  experiments  as  a  "guide 
for  beginners "  in  chemistry,  and  it  is  easy  to  believe  that  they  have 
found  the  course  of  instruction  as  laid  down  "productive  of  good." 
The  experiments  cover  the  common  metals  as  well  as  the  non-metals, 
and  include  the  important  methods  of  preparation  and  the  characteristic 
reactions  of  the  various  elements  as  well  as  those  of  certain  of  their 
compounds.  The  questions  which  accompany  the  experiments  are  sug- 
gestive and  helpful.  An  appendix  contains  various  useful  tables  and 
the  book  is  interleaved.  The  present  edition  has  undergone  revision, 
and  it  is  stated  that  some  experiments  have  been  added  since  the  last 
edition. 

No  attempt  has  been  made  apparently  to  introduce  the  ionic  theory 
into  this  course  of  instruction,  so  far  as  one  may  judge  from  the  ques- 
tions. If  the  course  is  intended  for  young  pupils,  in  secondary  schools, 
this  is,  perhaps,  a  wise  proceeding;  if  students  of  college  age  are  to 
be  instructed,  many  will  find  ground  for  criticism  in  this  omission.  On 
the  other  hand,  some  will  question  whether  the  "beginner"  can  prop- 
erly  undertake  to  carry  out  a  vapor  density  determination  by  the  Victor 
Meyer  method  understanding^  within  a  few  exercises  of  the  opening 
of  his  course ;  or  again,  whether  it  is  wise  to  give  the  pupil  the  impres- 
sion that  he  has  actually  " verified"  the  principle  of  the  conservation  of 
mass  by  a  necessarily  crude  quantitative  experiment.  But  an  experiment 
book  is,  after  all,  only  the  skeleton  of  the  real  body  of  the  instruction, 
of  which  the  flesh,  blood,  and  vitality  must  come  from  the  instructor 
himself.  When  these  factors  are  what  they  should  be  such  criticisrp 
as  is  implied  above  may  hit  wide  of  the  mark.  It  is  undoubtedly  true 
that  there  is  much   to  interest   the   thoughtful   teacher  in  this  little 

volume. 

H.  P.  Talbot. 


1  Experiments  Arranged  for  Students  in  General  Chemistry.  By  Edgar  F.  Smith  and 
Harry  F.  Keller.  Edition  5.  Philadelphia:  P.  Blakiston's  Son  &  Co.,  1904.  4  +  94  pp., 
40  ill. 
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Foundry  Chemistry.1 

In  endeavoring  to  put  foundry  work  on  a  scientific  basis,  to  control 
the  properties  of  various  irons  by  means  of  analysis,  and  to  overcome 
the  prejudiced  rule  of  thumb  methods  of  the  average  foundryman,  the 
author  deserves  credit.  In  offering  for  the  use  of  a  class  of  people  not 
scientifically  trained  a  book  on  the  analysis  of  foundry  materials,  it  is 
necessary  to  make  the  statements  in  the  book  more  or  less  arbitrary 
and  dogmatic,  and  on  this  account  the  book  cannot  be  subjected  to  the 
usual  methods  of  criticism.  If  the  book  is  successful  in  teaching  any 
foundryman  the  extreme  value  of  chemical  analysis  in  regulating  and 
controlling  his  products,  we  should  be  thankful  and  then  hope  that  he 
may  be  given  his  chemistry  in  a  less  arbitrary  and  more  scientific  man- 
ner in  the  future.  The  foundryman  may,  however,  have  some  idea  of 
the  significance  of  figures,  and  may  question  the  use  of  a  factor  carried 
out  to  the  eleventh  decimal  for  the  conversion  of  the  iron  value  of  a 
potassium  permanganate  solution  into  the  phosphorus  value. 

The  book  is  divided  into  two  parts,  the  first  dealing  with  the  taking 
of  samples  and  the  analysis  for  the  various  constituents  of  the  ores, 
coals,  cokes,  and  the  different  grades  of  iron ;  the  second  part  is  a  dis- 
cussion of  the  different  grades  of  iron  and  the  influence  of  the  elements 

in  affecting  their  properties. 

H.  F. 


Transactions  of  the  American  Institute  of  Electrical 

Engineers.2 

It  seems  to  be  an  established  custom  now  for  the  "  Transactions  of 
the  American  Institute  of  Electrical  Engineers  "  to  be  divided  into  two 
volumes  each  year.  We  have  before  us  Volume  XX,  which  covers  the 
meetings  held  from  June  to  December,  1902,  and  Volume  XXI,  which 
continues  the  record  to  June,  1903.  Both  volumes  in  their  completed 
form  were  published,  however,  in  1904,  Volume  XX  having  appeared  in 
July,  and  Volume  XXI  in  October. 


1  Methods  of  Chemical  Analysis  and  Foundry  Chemistry.  By  Frank  L.  Crobaugh* 
M.S.,  Professor  of  Chemistry,  Cleveland  Homeopathic  Medical  College,  Cleveland. 
Second  edition.     Published  by  the  author.     109  pp.     Price,  $2.00. 

2  Transactions  American  Institute  of  Electrical  Engineers,  Volume  XX,  July  to  Decem- 
ber, 1902.  New  York,  1904.  415  pp.,  ill.,  8vo.  Same,  Volume  XXI,  January  to  June. 
1903.     New  York,  1904.     610  pp.,  ill. 
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As  in  previous  volumes,  so  in  these  the  transactions  of  each  meeting 
are  devoted  to 'a  single  subject,  on  which  there  may  be  one  or  several 
principal  papers,  followed  by  a  general  discussion,  all  of  which  is  printed 
in  full.  Thus  we  find  discussed  in  Volume  XX  the  application  of  alter- 
nating currents  to  electric  railways,  a  series  of  papers  on  photometry 
and  illumination,  the  control  of  motors  at  variable  speed,  breaking  and 
traction  breaks.  The  subjects  dealt- with  in  Volume  XXI  are  telephony, 
the  lighting  of  railway  trains,  lines  for  the  transmission  of  high-tension 
currents,  radio-active  substances,  tendencies  in  the  development  of  cen- 
tral stations,  machines  for  the  generation  and  use  of  alternating  currents, 
the  theory  of  alternating  currents.  Many  of  the  articles  are  illustrated 
with  cuts  made  from  photographs,  plans,  or  diagrams. 
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articles  by  the  highest  authorities  on  all  phases  of  enrrent  engineering 

progress. 

Additional  and  exclusive  features  are :  a  Review  and  Topical  Index  to 

tbe  current  contents  of  nearly  two  hundred  engineering  and  industrial 

journals  ;  Current  Record  of  New  Technical  Books ;  Industrial  News  ; 

latest  Improved  Machinery  and  new  Trade  Literature. 

Every  number  is  a  valuable  reference  book  for  every  engineer  or  student 

of  engineering 

Ask  for  sample  copy  and  descriptive  circular. 

The  Engineering  Magazine 
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Sanitary 
Plumber 


Drainage 
and  Ventilation 


488  BOYLSTON  STREET,  BOSTON,  MASS. 
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HAND  BROTHERS 


HO  USE  and  SIGN 

PAINTERS 


INTERIOR 


DECORATORS 


WALL  PAPER 
and  PAPER  HANGING 


JOBBING  IN  ALL  ITS 


BRANCHES 


200  WASHINGTON  STREET,  BROOKLINE 

TELEPHONE  636-4 
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Corliss  Engines 

FOR  ALL   POWER   PURPOSES 


Special 
Engines 

for 

Street  Railways  . 

and 

Electric  Lighting 


Alii*- Chalmers  Combined  Vertical  and 

Horizontal  Corliss  Engine,  Direct 

Connected  (Manhattan  Type) 


We  are  furnishing  seventeen  of  above  engines  to  the  Interborough 

Rapid  Transit  Co  ,  New  York,  which  company  operates 

Manhattan    Elevated    and    Subway    Systems 


HYDRAULIC   TURBINES 


Allis-Chalmers  Co 

Milwaukee,  Wis.,  U.S.A. 


Canadian   Representatives,  Allls-Chalmers-Bullock,   Ltd.,   Montreal 
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